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Ta the Candid Reader by way of In- 1 

^l vcv r^roduflion add Preface. A 
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AvtngObferved that tU Define 
of Trigfaomefrj depends wholly 
J upon the help rf Tables^ and Con- 
fid&ing how many accidents and impedi- 
ments may intervene and hinder that conve- 
niency. many have jet about the performance 
of plain Trigonometry by Natural Arithme- 
tick, and Mefikpottthff ground, x\l. That 
having atfignedfk Hypotfxmfi of a T(ighi 
Angled plain Triangle to he alwayes i ,oo s 
^ they found the baje and perpendicular there- 
\ to<> or (which # all otoe) the Sines and Co* 
* fines in Decimal ^(umbers to every point 
half and (Jbmetimes) quarter f tint, of the 
Angle at the bafe to 4$ d. which Numbers 
were refetved 46 fixt or Jiationary Nitm- 
bits whereby {is iff fimilar Triangles ) 
to find the parts unknown in the Triangle 
propofed. Not* although this method (re- 
membring all thojk numbers) wot Hot to U 
defpijed, yet td perform plain Trigonometry 
hereby to dny degree or minute was intpoffi 
bit without Tables ofthoje JSttmbersyWhich 
would have been the fame as ihFTabkr 
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To the Reader. 



Natural Sines,and impoffibk to he commit* 
ted to memory. Therefore to remedy this in- 
conveniency in order to the more exaft per- 
formance offUin Trigonometry ^ririhtifc 
colly whhmofixafi to the memory 7 thgrhps . 
lately been invented ageneral Rule tofolve'u 
right Angled plain Triangle by jfrithme* 
tick^ to $ 09 • 4 places of figures ^and not* far, 
common good the fame is made publich^witb 
a method fiewutg (to any reasonable Capa- 
city) how the whole Do&rine of plain Tri- 
gonometry may he accommodated thereto , 
and thereby exaQly calculated to three or 
four places (ffigures, which u exaU enough 
for any common ufe, and how far it may be 
firviceahle as well at Land as Sea, the im+ 
partial PraQitioner may Judge, if has been 
long dejfred by manyjmt never (that Ikjiow ' 
pf)attained unto cfpublifhed till now. And 
it holds as well when the Angles are given 
in any degrees and minutes wbatfiever, as 
when in even degrees, or upon even points 
halves or quarter points of the Compafs, be^ 
ing no farther burdenfome to the ^Memory 
then the remembrance of a faw lines, which 
is inconsiderable in a Rule of fitch univerfal 
*fe.ZA(ow this general T(ule or Fundamen* 

al 




TotheReiderf 

al Axiom, ought in tfoffrjl<pkceto be mil 
imprinted in the memory before you ^to^ 
cede to the Refohtion of plant Triangles 
thereby. And t?ov> having ptemifedthtfr 
much by way ofhtrodudim IfhaB itithe 
enfuing part of this Mfiot^gkjeth^M^ 
der a Tireviat of the Subjeff of each pmf 
contained m this ^MifceUabeous Manual; 
vi%* 1. 1 he Do&rine of right Angled plain 
Triangles, all the Cafes thefebtmth exam 
pies of all varieties that ca* happen, faHiy 
refolded Arithmetically, to page i^. 

2,The DoStine of Vb&fHe plain Trian+ 
gles compleatly handled in aH the Cajes,mt& 
Examples of all the varieties that each Cafe 
admi/sof, all refolded by Statural Arith- 
metic!^ topag. 6j.. ' 
%To the etfd that the Courteous Reader may 
be compleatly furnijlxd teitfcwhatever jffub- 
Jervient in this Arithmetical Trigonometry. 
I have added a fall Treatije of Decimal 
Arithmetick, to pag. 86. and \ there begun 
adifcmtrfe of good ufe concerning £Multi~ 
plicat or s*and Divifors, viz. How to Con- 
vert a given divifor into a Multiplicator^ 
thatfiaU effeU the fame as the divifbr gi- 
ven and the contrary, and J his kexpfain- 
' -. , A j ed 



To the Reader. 

cdy to page 8a witbfomeufis of thk Con- 
verSoninfixt Proportions, to pag. 94. at 
4^ to p« 994 by fomt Quejlions in the rule 
4fTfyree 9 but more amply the advantage of 
theJUd Converfim appears in foveral Que* 
Jljfins m rules of plural proportion, juch as 
both kinds of ptlUnrffxpy and ^/ligation 
Ctfkfitt, auditb&i to page 122. 

,4. The Sxtrx&iop of the Square-root by 
vVtXfbtixGtd **$ fides, with fiver al &r- 
ajssfks both in Integers and FraSioni, fot 
better inftruBion of the Learner, this being 
nmh ujed in Arithmetical Trigonometry, 
unto page 141, 

?r *4tisty plain exaS and eafie method 
hmjo makg the Tables of Statural Sines; 
Tangents and Secants to any c t(adiifs m or t& 
Examine the certainty: of any Tables alrea- 
dy calculated , with fuck Explications as 
renders the fubjeS thereof very intelligible, 
to page 1 70. ' 

6*The CovjlrnQion or moling the Tables 
of Logarithms y by the leji and eajieji me- 
thfd hitherto feswd out or pnbtifhed, in tht 
Conftru&ion or Examination of which Ta^ 
hies the advantage of converting 4 Divifirs 
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Totte Reader! 

atfo Mnliiplicators, and the covtrtrj is far- 
ther manifejted, as far as page 261. ^ 
7, Ifo making of : the Sirtifkial^ Sintf\ 
Tangents and Secants* by brief but piain 
and inteUigibU Dirctfions. + 

\ 8. ^ftdkfily)Them*Htt& cf calada? 
ting thoje vfifnl Tables of Randoms fir % 
Tfynges in Gunnery ^ by feme calkd tables of 
Horizontal dijik^ces^ by meafeepnpvrtu 
on which hath htrtrfore been pxblifetd by 
feme and approved by otJrtrsttf good know- 
Jtdge and eftzent* . , r.t v : * -. 

. All mjmhri* pwfermfyl with- m much 

would admt, imt ^feme ihfagsfeem tw 
prolix to the mm hearwd fe 




&mtoMd& 

alihongh J donbr mt Jm **hofe that have 
made a Confeder able prof ciena}^ the ^I4a^ 
thematicks may herein find feme things 
altogether new, and others probably which 
may be both new to : , tfcem and of good ufe. 
Thus having \ Y gv&tk4J>rief account to my 
impartial leader both oft he whole and its 
farts, hoping few Errors have efeaped that 

art 
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To the Reader. 

arimaterid) for that there hath Veen great 
care njed to fzevevt the Jam 5 yetpojfibly 
foment ay havi-heen overlooked 9 which I 
hopefhe Readers Candour will prompt him 
to wend. For* Ji is impojfiblejo find » 
man \faMkkjs, $0, is it likemifias difficult 
fa find}.* hoofcwHh&Ht Mtraurs. To this 
Xptdyfwtkenadd thaUhefe inftrhmr things 
nkcHf^^Hk^gpodylleception may in dm 
ti*fe imiwrage "the publication of other 
things. nsm^r^fe and fublinse^ which I 
doubt not but will be very acceptable as well 
^jU,i(M^ ^l^i^/ of a 
higher Jphete^ which as they are more bporv-, 
w$amL\qW(&figkt*d > fo a particular pre*- 
rogttkje ofhpkm asfdrefotft. is due tmto\ 
ttim* . avdw*$dL be takv*o prefei*t,the\ 
t^iinAb^^wetbod^ndwdtr^ avdi*< 
tfomterim lum^w r accmliff^to my >$A» 

wer^atwJJfr^ 

^Hblifl^W^sL'vy : '■ ... ; j^'t ~ v . v. \./.* ^ 
v* ... vJ±\ VJ.-i -A •'. "v« ... /:.vj!\\ 

: \ - , ±\ . 
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Arithmetical Trigonmetry , 

OR, 

;he Ooftrinc bf Right Angled Pk(iii Tri* . 
angles , pei formed by Natural Arith- % 
tnetick, \ • 

BEfore we proceed to the Calculation of Right Angled 
plain Triangles by Natural Arithmetkk, ffhaH pre* 
mife aj chiefly preparatory thereunto. 
Thattiavingthe Angles in any Right angled plain Triangle, 
pd affiiming the Leg oppofirc to the leffer angle to be 1,00* 
:e. This following Me, will untvcffally give the Hypo^ 
v hemife and other Leg. 

TheRuIeis, 

Divide 1 72 by the Angle offofite to the leffer Leg? 
(which Leg muft always be affumed 1 ,00 &Q.) 
\qHare the quotient, from which abate 3, a*d£x~ x 
ratt the Square Root of the Remainder. This Rqqp 
Ittbftrafted from twice, the; Qmtient^ one third fart 
,f the Remainder is tke fifypothemtfe j ; and the JHyfo- 
iheripfe Doubled and Snbfiratled from thefaid£>go* 
tfient leaves the othyr itg. 

• - 



^ Arithmetical trigonometry. 

Therefore when any Right angled plain Triangle is propo- 
fed for Solution by this method, having the angles given, 
you muft fi rfl al w ays affimse another right angled plain Tri~ 
a n g le having rhc f a int an gl e s with tha t propofed, -and the 
Leg oppofue to the lefler angle to be 1,00 fee. whereby find 
the Hypothenufe and other Leg iathat aflumed Triangle by 
the foregoing, $uie, which done, thofc ;wo TjftaHgte ?*$• 
That{>r6pbied, and thataffiimed, being alike are proporti- 
onal by the fecond of the 6th. of Euclid. That is, fobfenr- 
ingwhat fide is given in the propofed Triangle.) As any 
one fide in the aflumed Triangle, is to his correfppn- 
ding fide .in .the propofed Triangle: So is any other 
fide in the jflumed Triangle, t6 his correfpondtftg fide in 
the propofed Triangle. Hereby ( comparing like fides) 
every fide in the propofed Triangle may be exa&ly found, 
and this method fails not to give the true folution to three 
or four places, which I prefume is exalt enough for the 
Mapriners uft; for which it Is chiefly intended \ hut if the 
Operations be continued to two or three places of Decimals, 
the folution fhall be exaft enoughftr any ufe. And where- 
as in raoft Treatifo of Trigonometry, the Dodrinc of Right 
angled plain Triangles is ufttally divided into fevca Cafes ; 
yet if jhey \k diftinguifhed only -by their data's they admit 
but of four, as follows, The firft and fecond whereof in 
which the angles are given, are only folvable by the forego* 
ing Rules. ' • r ; . 

Note, That when thrfangles' arc given in degrees and mi- 
nutes, thofc minutes muft be, reduced into Decimal partly 
ffr having pieaiifed thus much weHiaH proceed to > 

TM E angfcs^and one of the Legs being given, ' 
To find ^e Hypo*cnuft^d Ac other Lcg^ 

. In tl* Rigteanglcd plain Trialngte ABC. ' ' 

d." m. d. '^ , , 
BAG 35—42 or 33,7 } AC *nS BC 
AB222 J required. 

In 



axit\mtt%ti&t\mimm 



~ ■ -^•. f *"<t2 



k-.ij ij : 



In order to the Solution hereof. 
The fir ft Operation is to fkid the Hyppc^ufe ^c^ and 
. the greater L^&jfe* write a(jfum<ed Tpangk Abe, the an- 
gles thereof being trie fame as in the proposed triangle ABC, 
vi% b A c 33,7, Ac b $6$, and the Je*fler Legbc i,o&c. 
b Ac r _ ' .Quotient Is 5,1 

-5,1 • *' doubled is 10,2 



m ■ ■ 



350 ■■ ■ ., *obt fnbftr. 4,8 

» '• 51 ■ •"" 'i 1 .i 



13 • ^55 - fttnfcdtvidcd by $) 5,4 

« " ■ 1 1 ii' 1 infm 1 '■■« 



fqu. of the quotient *tf&r • *i, : 'jltyQtlfc<4cis 1,8 






Hyfcoth. douhkis %& 
3 abated Remain. 23,01 (4,8 l - > . t+m — ■*- 

16 Greater Leg A bis 1,5 

. , . 88) 701 ; 1 ; . '; .• 

* 4 f • 

-*---- •,:•: fir r /. . * 



* -j ■*. 



i . '. '• *;■.-./.. •„■».' . • - 



The Second Operation, To find the HypQtfeemtfc AA 
and the Iefler Leg B C which is required jn the propofed 
Triangle ABC. 

Fir the HypothenufrA^ fay, •<- : / 

^A-bv AB t : Ac: Ac, 

°* i 3 $ : .222 T : : i,8 :- 32*34 required. 

>.' ! 1,8' r; ■'* ...H;: 

222 ~* - - — / » 1 



9 5 



4»'H f'« f H ,■« ;';' 



r c " - » *, <« 1 



C. U 



«■ 



60 B * • '^ For 



:>-;;- . ?*. 



For the Leg B C fry* * . ■ 
A Ab : AB7 : be : BC . 
i, j : 222 : ' *•' f,o : 148 required, 

. ;. *>$ )&***> Cf 4» " \ ' . , 

72." pn£J A^ is 266* } which was 
w<ffi£Cisi43 ~ £ required. * 



. via* 
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^fettr That if you require mere exadn^s, the work muft 

places of 



be ooi^ttnnid tfc mb replaces of Decimals* as in die Examples 
following. 
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The firft Cafe and fecond Example. 

IN the Triangle A*B C . . Fig. 2. 

There is given 

- BAC ^-48 or j5 9 8 £ A C and BC - 

A B 90 J requited 

The firft Operation* To find the Hypothcnufe A c and 
the greater Leg A b in the affumed Triangle Abe, the an* 
files being the lame with the propofed Triangle A BC, and 
tWieflerLegbc ipo, '&ci " 
bAc • - ; v • Quotient is 4,6*7 

d. 



9^,8)172,0 , J(4»$7 i , iQublcdis 9,3^ 

, 4,o> • >/ . « RoojtfuWta. '4*34. 



2480 



■•»-<*■■•■»■••* 



32*9 Rem. diyid. by 3) 5,00 



2720 • 2802 



1 858 HypQch.Acis 1,67 



M4 



fqu. of the ijtaot. .2^808^ Hy poth-doubUsj^ 

. , ; •; Gi&tfr Jag A b. 1,33 
3 abated Remain. 18,8089 (AM 

i 16 "^ 



83) 28o 
*49 






4tf4^ ^i8Sfc -1 • c ' 

345? ' ™* 



arithmetical SCrtgwioimrtp. ,5 ^ 
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The Second Operation, To find the Hypothenufc -A C, 
and the Icflfer Leg BC, which is required in the propofeci 
Triangle ABC ; 

. Forthe.Hypothcnufe.A Cfay, 
. A S ? A B : : A c : AC 

hii : 9° • * l -6l : 113 required 

1,33 ) ,150,30 C f% 3 ~ 

\ f-Tg 






>4<x* 



.*-'. 






r 



* 1 r 



' For the Leg ,B C required' fay, 

A Ab * AB : be •: BC 

AS 1,33 .• 90 : 1,00 : 6%6 i^ireiS l 

i,oo _ ^ . . 

>'» n il — »— 1 f ."' ' ■'_ T 

1,33 ; 90,00 C^ 7,$9 v : 

1020 : anf-£ A <J ft > 1 3'i whieh was 
-** wcr c B G-^7j6 j required* 



w • ►%.** 

Tk frfi CaftThirdExAKtk. 

1W^ie'TTkmgrcA:BG • { • • '^ : F&V 
There is given ^U*j - 
d. in. tL ■ - 

BAG 59— 3d— or 59^6 > A G and B C re- 
BC 212 . 5 quired. 

The firft Operation, To find the ifyptf fefofe A c, and! » lie 
greater Leg be in the ajumed Ttfcngie Abe the angles Ke- 
mg die fame as in the Triangle A B C propofed, and the 
leflerLcgAb i,oo,&c. - - 

. B 3. Ac !> 



I^diiu' 



f 



AcV r " d: : "' ■ •" Qaofientfc <3$8 

504; i72 5 o r$,<5$8 doubled if '*ii,3fc<# 

■ ■ ^'.r, J A^jfog ' < * RobtSubftr. 5,38^ 



* • 



« . . * . 



2000 3j& — -- 

rf'yi £ 1 4526*4 « Rem.dbfcLby 3J&936 
17*0 282^0 . 



— . W*>4« •"; HyP ^ A c is 1, 977 
240 28290, -*'- : 



fqua.of thequot. 32,01*964 



_ V . Jfypot. doubLis 3, ,9 54 



j T — r- greater Leg* be is 1,704 



3 fubftr. Rem, 295012964 ($&M . 



fo9 ' 
1068J 9229 
8 §44 



J « V * \* L L 



. > 1 .^ 



u- 






The Second Operation, To find f hr Hypnrhfimfe A C and 
t he kffer Leg A B in the Triangle ABC propofed * 

A , be : BC : : Ac :"A<T x . 

■.1,704: 212 ;. : 1,977.* 2 S a* ot2 44'W*V , J 

« " . 3954" -■• 

S'9$4- 



fc»7°4^ 4 1 9'"4 l 3 4&g :., 









'* •- -^_^- -' 



^ 101^4 '•• «■ -•• 
1Q44 Q 

- 1 104 For 



Jor A B the required Leg fay. . ' •" -i 

• fc<i,J:.:BC ; .y-A-b : AB ' ? -^ | 
..Jti/oii.:. iii '• -.1 lUoo : ig^^requir. 



1,704) 2 12,00 6 74,-4 

1 i ti n 1 1 +» 



cy.fe* 






4KJ0 -\ *.'.; i'^O? 



704O 

■ ' » i p 






A C is 245,9 ot-ZfB^ 3°-* 
Anfwer ^ And J^ _*jS which was requi . 

AB 124,4 or, ;-5 CloS 



I. 1 * ' 



S-- 



The Fourth Examfk if the Firjl Cafe. 

Nereis. Siven '^ " : " vJl ^ ;i: '"' 

AGB39~i3or 3 ^3&7 

And o a : >A G & BKlrequfced, . 

AB92*' ,rf r> * M- ! : *J » • *o ' ^v A 

The fir ft Operation, TV find the' Hy pothenufe 
A c, and greater leg b c iqi (be aflumea Triangle 
Abe: having the fame Angles with the propofed 
Triangle A BC, and the lener A b i ,oo> &c. 

B 4 Acb 

4 



r 



t jSrftymtftcal JBDrigonomefr?, 

A e b . v . Quotients 4,36*8 

d. 



< < 



50,38(172*00 . /4>g^8 ^ * doobL is 8,735 

4 ? 3$$ . f fcootfubftr.,4pi6 



A " f 



I448O ' * C ** 



26660 • atf$o£ 



34044 < R4em.div.by 3) 4,725 



13104' Hypothec is 1,575 



303$ 17472 j- * ■ ■■*■ 

: ^^- doublets 3,150 

fqu. of the Quotient 19,079424 gfea^er Leg b c is 1,218 

3 abated Remain. 16,07942* (4,0099 or 4,010 fen 

\6 n • - 



8009; 07*424 . 



80189^.734300 
721701 



»?S9* 



^'v:$#h< fecpttf Operation, To find the Hypotheoufe- A C, 
lad *he gi^er Leg BC in the pttpofed triangle A B Q y 






For A C the flvpotheilufe fty. 

. A 6. >r Jt^t / : N Ao, : AC 
** 1,00 \- 92 i ; i,5t5 : i44>°K<)pHwfc 

h 



3150 V 

*4«7S 



n» " r 



144,9(00 



fret 



Arithmetical SCrigonometrs« 9 

For BC the required Leg fey. * * 
A Ab : AB : : be : BC 
AS 1,00 : 92 : : 1,218: ti2,i/er*. 

v 2436 

10962 



»V*1 



n2,oi5<S . 

♦ CA C 1449 9 ? 
Anfwcr < * And > which wasreqirii^d. 

£BC 112,1 /mr} "., . . 
ISTorf, That for variety fake, asalfo for better 
Hluftration of the aforementioned Rules, I havead- 
ded more Examples in this Cafe> fo (hall give 
fewer in the following Cafe^. 



-- ■■ ■ ' ■ - 



JThe Second Cdje. 



1 «. 



THE Angles and the Hypothenufe fading given, 
To find the Legs \ , . 

In the Triangle ABC % 5- 

There is given / 
AC 182 ? ' 

d> m> d. >A B and BC required 

BAC4t— 42or4i,7 J / 

The firft Operation, To find the Hypothenufev 
Ac, and the greater leg Ab in the affumed Triangle 
Abe wherein the Angles are the fame as ji propo- 
sed, ancf the lefler Leg b c 1 ,o ?, &{C. 

i ' bAc 



r 



10 0rittpnetic«t £Dr igmtomttr p. 

bAc ,\ ,', i ' ;'... TheQaotiwKis 4,125 

' ' t ■ ' 

, * ' * ' 1 



d. ' ' . «, M " *• -, /+-*■ 



41 ,7 j 1,72,0 c ;* * (%I2 5 # " doubled is'. ?>2$@ 



520 «&# 



r I05I5 Rem.dividcd by 3) 4, $06 

I03O ' '^tfijo^ 



i960 \-*6$pPi t 



*t?3 1. _Hypoth,Acis 1,502 



.Hypoth. doubled is 5,004 



Squ. of the Quot. 1 7^0 1*362 $ 
.1 r, wjjvji tj: .. rijirf? : ■' gfrW" Leg A b i^ia* . 

3 abated Remaifld. 14,01 #25 ($744 l } v <J - ; 

«.' i'v i «• . $J ( • > ' • 1 j 1 . f .. 

744) 32$6.u.... ^4. ..^'J^s;!: r,":-< ■ -> 

2975 

7484; 2^02$ " 

!?*** • . -. v 

The Second Operation, to find the two Legs AB and B C 

A Ac : AC : : Ab ? A B - ^ :'^ > ' 
1,502: 182 : .r^lfCM-i ij^J' required. 

182 Ktvh £;:.■•• ' '* 

.- lit *'.*#. •' • *• 



't%* 



*. j 



» - ♦ 



1,502} 204,332 (1 J5,8 ' 



* ^"* * 



,1 1 > * ■ ■ 



> £ j. 7 






; B752. 

'»W»i« » « 1 

1 2 §20 

564 .For 



■•» * 



WP^^^"H 



$*ti$ttetic&l JCrigonomefrst ix 



For the lefler te §» B C fay 



\ 



. Ac : AC :-: be : BCrequir. 

** Hoi; ^1*1 • -.'* i'ioo : 111,17 of 






' - " T .'V * 



i^qaji 182,00 {i aijt? 
3180 : 



: J. » » J* 



-» 'a-i^'x^tfe 



10780 ._. *■.' . 

CABisi35,8>.; 
Anfwer < And -^^hich was required, 
^B C is 121,2 ° 

Ibe Sec<mdCafe,~autk{kdQtut Example. 



*r *■ C 



iThereisgiven V.^T '"• \ . 

Au* SABattfBC rehired. 

ac 193 i, T x^ ;:."',., 

The Firft Operation, To fraithe Hypothenufe 
Ac, and the greater leg be in thedftmed Triangle 
Ac h, in which the Angles are the fame as in the 
propofed Triangle A B G andlthd lefler legAb 

f>?o&c, . oh.. _ 



Acb : ,QuoriaKi» 4,813' 



♦ .. "^ » - J 



3$,7) I7V* "' ' &,8ig l - dfcibJedis 9,53$ 

~ 4>8i8 Root fubftr. 4^0^ 

98544 . oncJthirdRcm^ 5,140 



VI . i 



^40 ' : 48i8 



38544 Is iJfc Hypoth.A c 1,715 



283 ?9?7* -/.,• • ' T 



fqu. of thegoot. 23,213124 



• • -• • 



£-* Hypotftdoulx is 3,42(5 
grater Leg he is 1,392 



3 abated Return. 20,213124 (4496 

- — , s ,> • 
*4->4« ,. 






889) 8$*i 
8ooi 



■* j +* - . 



- i. 






/ 8>8tf> 536,24 ; 
$39** 

Tfete^d Operation, Togiid.thetU|^A»»a4*,C*i 
the Tnaogle A B C propdfed * t ;- ,; \ 

ForABdicleacrUg&vr - ^ ; — 
^ Ac : AC : Ab ^AJ m '* * \ 



r * 


i,66>" 


- - - A , 

. ■. - , ,«••• 

r 


< - t 


* 

I 

* 

• 
t 






4570 


f _ 
'4 • 

.J " 



•> > 



Fbr 



: For B.C the greater Leg fay, 

f A Ae AC be BC 

I **7*5 : *93 : : l >19* • 15*18 required. 

i I 02 » , 



1 - 



4*7* :"" 
12528 r ••' 



1392 

• - 

1,7*3) 2tJ8^54 (i*$£t : 



T: • > • *» •• ■ » v 






^— — ~. < , C AB is 1 1 2& arid > 
1 1 706 £BC 156,8 S 

which was required. * 






i 4 a8o t 

'';•» 1 ""I 

ft 

The Third Cafe. 



* '\ • . -•.-•*> „, 



T'HB legs being gj ven, To find the Hy potheniUe and the 
/ angles. 

In the Triangle ABC, ./, , . Fig, 7/ 

There is Given . 

AB'8i?ACandBAC 
B C 54 J . are required. 

For the Solution of this Cafe. 

Fir ft find the Hypotheoufc AC by Exeradkfe of the 
fquarc-root, to perform which, . 

» 

the Unlets. *</-•' 

Square the Legs federally, and add their Squares together, 
then Extract the Square Root of that Sum, which Root is 
thelfypothenufe required. 

The 



s 



34 ' flritfrmrtkal %tiommttfV< 

Theuperattm. 

■* ' . " ■•• 

Leg A Bis 8t . Leg EC is 54 

Squared 81 Multipl, in it fclf 54 

81 • 216 

648 < 270 , 



m 



The fqnareof A Bis 5551 Thetequ. of B C is 2916 

TheSqu.ofBCad4' 391* 'v* i ■ 

■ ■ - * 

The fqnareof A C is • 9477 (97,3 A C required. 

8r~ - 



'1*7) x *77 
130? 



1943J $800 



Secondly, Having found the three Sides io any (tifbc 
angled plain Triangle, the angles may be thus found, f*\. 
get the Sum of the Hypothenufe, and half the greater Leg $ 
Then the proportion is 

As the Sum of the ff ypothcnufe and half .the greater Ug. 

IstbthelefferLeg. SoisUrf 

To the angle oppofije to the lefler Leg, 



. .'. » 



TheOperatm. 

The Hypothcnufc A C is 97,3 
Half of A B the greater Leg is 40,5 

The Sum is 137,8. 



1 •, % 



*m> 



'the 



The Proportion to find B A C the lcflcr angle oppofite to 
•hclefsLcg.BC . A. • ' ' 

As 13738 : 54 ; : 96 I'lfrl : BAG required. . 

54 

»>■ II I I ■ HI M 4 

344 .' 

43° . :• • 



' I37i8) 4*44 (33>7 <? r 33"42 isthe ang.BAC 



5100 



9660 



14 

Anf.w$ ACis 97>3 '* m,lvth\chims 
Amwcr j BAC ^ or j3 _ 42 £ rcquircd- 

■ • « 
1 ^ ■ 1 1 1 » 

Xik Second Example of the Third Cafe. 

N the Triangle A B C Fig. 8. 

There isjiyqi 

ABdi > AC and A CB 

B C 87 J required. 
The Firft Operation, To find A C by the (quae* Root. 
The Leg A B is 6\ The Leg B C 87 

Which fquarcd t 6t multipl. in it felf 87 

6l ' 609 

%66 696 



1 



The foil, of A Bis 3741 Thcfqu.ofBQs 7$^ 
The fqu. of B C a dd 7360 

fqu. Hypoth. A C 11 296 (ioo* 5 2 is AC required. 

si 

206) I290 .,,_.,, 
I23O* -- 

2122^ 5400 The 



15 SLtittyntt tad SCrtgojiomrtn?. 

The Second, Operation, To find 1 AC B. 
The ftypothenufcACis • io5,2 
The half ot the greater Le^BC 4^5 > 



«-»• 



Thefumis -149*7- 



Thc Proportion is, 

, d. d* *• 

As i49j7 : *i : '•" 96 :' 35,04 or 35-02 the an- 

;6i .. (gle ACBjrequircd, 



«49>?) 524^ C«>°4 
755° 



j5$oo 



512 



(ACis 106,2 and ^ 
Anfwer | s d. d, m. Which was required. 

lACB 35,040^5,02 J 



T 



•' ' The Fourth Qtfe. ' • . 

H E Hyporhenufe and one of the Legs being given, 
. To find ihe other Leg and the angles, ' 



The Firfl Example.. 

In the Triangle A 6c " * " '" » 

There is given. - • Fig. 9. 

AC 112 £ABand ACg 

AC 57 3 required. • 

* Fpr 



j3tttt>metttal SErtgonomef n». 17 

for the Solution hereof; Firft find A B the Leg requk 
fed by the fquare Root. To effeft which, 

The Rule it y 

Square the Hypothenufe and the given Legfeveratly, and 
from the fquare of the Hypothenufe, fubftraft the fquare of 
the Leg. Then Extraft the fauare Root of the Remainder 
which Root is the Leg required. 

The Operation. 

Tnc Hypothenufe A C is 112 The giveti Leg B C $7 
Which mult, in it felf 112 Which fquare 57 

224 $99 

112 * a8$ 



1 



112 



The fqn. of A C is 12544 The ftpuofBC 3249 , 

Thefqu.ofBCfubftr. 3249 / — ' r 

• • • 

Thefqux>fthcLegABis 929$ (96,4 isA B required. 

8i> 

i26) 119$ , 
1116 



*9H) 79^° 



Secondly, Having the Hypothenufe and thei two Leg$ t 
find the angle opponte to the lefler Leg as before in the 3d* 



204 

nufe and the. two Legi, 
he angle oppofitc to the lefier Lee as before in the 44 
Cafe* 

f * The Operation to find B A C. 

y The Hypothenufe A C is 112, 
\ Half of the greater Leg A B is 4 $ 

\ 

I The (jtmmis 166 



««■—•« 



Ai - 



i8 arithmetical flGrfgnnmetrg. 

d. 
AS I*o : 57 : : 86 :' 30-tf 

57 

-. d. 



'160) 49c 20 (^:/ 



arf 'er 






# *6-*s> $"* ?» i: f,o,4 and ^. w. > 

— - — ^A-C •; i ; r or 5? 24. > 
do ' wr»»';h vis required. 



Thcjsecond Exauqk of the Fourth Cafe. 

IN s?V T^ai g'cABC Fig. 10. 

Iherc is given 

• AC 119 ;BG™d A CB re- 
A B 8.7 5 quired.* 

The finl Ope: :-Icn, To find ihe L*g B C, by the fquare 
Root, as iatbe iorc^:i"«£ Ex*f>tpte. 

AC the H> pothers ;.; 119 The Leg AB is 87 

which fquare 1^9 - which fquare 87 

* ■ ■ ■ ' ' ■ ■ 

. ro7i 609 

; 119 '696 



119 



Thcfqukre of AC is 141 Sx 
The fquare of A B fubftr. 7 569 



fqu. of AB 7559 



Sqir. of the Leg B C is 6592 ^81,2 is BC requited. 

• ;: (54 .-. ' " 

t . ........ 



te-Ju. 



' I5i) 192 
id22j'^ico The 



The Second Operation to find BAC. 
The Hypochenufe A C is 119 

yaif of A B the greater Leg is 43^5 

The Sum is .162,5 . BCis8f,2 

As 162,5 : 81,2 : * W j""^* 



85 



4872 
6496 



't 



162,5) 6985,2 (43 jirc, is B'AC required. 

4832 

fBC is 61,2 and ^ 

Anfwtr < xi» >whjch was required. 

CACB 47 ^re J { 

Thus thnch for our Efiky and method offered for the per- 
formance of the Dofrrine of Right angled plain Triangles, 031 
Natural Arithmetfck( without the Tables of Natural Sines and 
TangentsJ wherein all the ExarapkphciE added, where the 
Operations are continued to two or three placet of Decimals. 
The Solution thereby fefdome differs above three or four 
Cemifms, and (ometimes left, from their Logarithmical So- 
lutions, which evidently mamfefts the certainty of this me- 
thod before any hitherto made publick. Now follows the 
DoAftoc of Oblique angled plain Triangles. ' 



C 2 Jrith- 



• » ^v * 



1 I 



1-: vv 



r 



ao 



Arithmetical Trigonometry , 

OR, 

The Do&rine of Oblique Angled Plain 
Triangles, performed by Natural Arith- 
metick. 

rl Which it is obfcrvablcThat the Doctrine of Oblique 
angled plain Triangles is ufualty divided into fiveCafes, 
but being diftinguifhed only according to their Data's, 
admit of no more then thefe four, which hereafter fol- 
low 5 of which the three firft wherein the angles are given 
may be refoJved by thofe Rules already delivered for Right 
angled plain Triangles. In order wbcreunto the Oblique an- 
gled plain Triangle propofed, mud firft be reduced into two 
Right angled plain Triangles, by letting felt a perpendicular, 
which muft always fall from the end of a given Ode, and op- 
pofite to a given angle, the angle joyning to the given fide, 
fo will the given fide become the Hypothenufe and the given 
angle tlje angle at tfceBafe.That wherein is given the fide and 
angle may be called the firft Triangle, the other die fecond, 
this being premifed we fhall proceed to the firft Cafe* 



TTbe Firf tefe. 

TWo fides and an angle oppofite to one of them being 
given, To find the third fide and either of the other 
angles. 



1 

Fir ft Example. 

In the Oblique angled plata Triangle A D E. 

There is given. 

'AD68 'rf. ' 

DAE 41,2 V A E and A E D required. Fig.i i. 

D E 79 * 

Note, That in all queftions pertaining to this Cafe, the 
perpendicular being lee fall according to the former Rules, 
always falls upon the required fide ; "therefore if the greateft 
fide be required, it falls within, as in this firft Example. If 
cither of the other two (ides without the Triangle, as in the 
iecond Example, & thenrhe fide upon which It falls mud be 
continued, and for the Solution thereof there is always the 
Hypothenufe and the angles known, in the fir ft Triangle to 
find the Legs, as in the fecond Cafe of Right Angled plain 
Triangles, which done, there will be the Hypothenufe and 
one of the Legs given in the fecond Triangle, to find the 
other Leg and the angles, by the fourth cafe of Right angled 
plain Triangles. 

In this Example aforefaid ; ADR is the firft Triangle, 
wherein the Hypothenufe AD is 68,8c the angle BAD 41,2 L 
To find the Legs AB and BD. 

Therefore the firft Operation i* :for the aflumed Triap- 
gle Adb, correfponding the firft Triangle ADB> as having 
the fame angles therewith* and the leffer Leg bd 1,00 &c. 
To find the Hypothenufe A d and the greater Leg A b. 



C 3 ;; : 41,2.) 



22 &riti#i&ical Efrigcnomctc?. 

Quotient is 4,17$. 
j t ... ■ 

41,2)172,0 ' * ^4^75 *" doubl. is $,350 

■■ r y , • 4,175 Root fubftr. ^799 

■ • - ■ /" ~~ 

2087$ j of the Rem. 4,^1 



720 



5080 2922$ 



4175 Hypoth.Adis 1^7 

1 • 19^ jj ,16700 « . • '» *'> 

- ^— eoubl.iS, 3,034 

fqu. of the Quotient 17,43062$ greater Leg Ab is 1,141 






7. ,, 



01 



'^abated Remain-. 14,43062$ C3i79P * 

'" J" ■ ; ■ 6j)*wi ■ ' . ' : •'- • 

' '469 '.'»■'* t? 

•-'■ ' ; > 5741 ' .•: ." . " ' 

• r • 1 ' 1 ; ■—-! 1-*' • 

. . > 7^8^) 66$2$ ■ • •• 

t 

The fecond Operation, To find the Legs A B and B D, in 

STtefirft Trim$fa A WO ■ 1 " • ••• 






J 1 1 .* I 



For A B the greater :Leg: fay. 

A A cl* 1 r AO! r : £b : AB 
1,517 ; 68 • :' : M4 1 : 5***4 required. 

: " * ;. 68 •• ' 

,.;'•.. ^ "3. ' . ■ ■ . ■ ■?■ . 
/ " 9128 

6846 

• . MI7J 77$88»(^i,i4AB . 

— ■— — M<W* 1 ■■■— 

221 



For 



Arithmetical &rigonomrtrg* a$ 

For B D the Icfler Leg fay, ' 

Ad AD bd BD 

As 1,517 : 6$ : : i,oo ; 44,8 required, , 

i 3 oo ' 



1,517; 68,oo (44,8 ; 



7320 



1252 






Then in the fecond Triangle E D B. 
There is given, '•" r . 

D E the Hypothenufe • ^ 3 B E and B E El- 
and P B the perpendicular 4^8 J required. 

Firft, Find BE by excrs&ton of the Square Root, as in 
the fourth Cafe of Right an^etFplain Triangles. 

The Operation. 

The Hypothenufe D E is 7$ _ The Leg BD is 44,8 
Which fquare A 79" which fquare 44,8 



*■» 



711 3584 

553 *79* 

* — 1792 

Squ. of the Hypothenufe ' <$&4* ' * ;t ■*?-. — *~~ 



tl \T 



Squ.ofthe Leg,BD , aocfluai- Stja^of -JBftiJOMiO^. 



. • • 



The fqu. of the legB-Ef^^d ^<T$ ,d7-is^4L r ^eqH«r. 

* 13007") o8p<5 

C 4 ♦Secondly, 



% 



34 Arithmetical ^ctganomctr?. 

Secondly,- Having found the three Sides, find the arglc 
BED oppofite the Icfler Side B D, as in tfcc third ami 
fpurth Cafes of Bight angled plain Triangles. 

The Operation. 

. *' ■ 

the Hypothenufe D£« 79, 
Half of the greater Leg BE is 32,5 



/ 



V 



Thefumis nr,$ BDis 44,8 



d. 

As 111,$ : ; 44^ : 8d : 34,5$. 

./ 

d. d. M» 



111,5) 38$2,8C34,5Sorj 4 -35BEP. 

507? 



5i8o 



«95 

Unto A B the bafe in the firft Triangle $1,14 
AddBEthcbafeinthcfecond Triangle 65,07 



Thefiu»isA£whichwas ; reqwnrf ii"^j 



AEis u£,2and 1 . , 

d. <L m. >which was required, 

AED34»5Sor?4-33 J 



Anfwer A 
A 

The 



\, 



I 



Arithmetical %tiz*wmtty. 25 

The Firft Cafe and Second Example. 

N the Triangle A D£ . Fig. 12. 

There is "given. - ^ 

DE82 L 

A D £ 106,3 1 AD and DAE required. 

AE 120 ^ 
- In this Example the perpendicular DE (according to the 
foregoing Rules) falls withouprhe Triangle, and the requi- 
red Side A D upon which it falls is continued, then is D*£B 
the firft Triangle *, wherein is known the Hypothenufe D E 
82, and the angles, w\. BDE,73,7^. (the Complement of 
ADEtoi8o d.; andDEB 16,3, d. To find the Legs EB 
and D B : s So that preparatory to Solution, 
, The firft Operation is to find D e the Hypothenufe, and hie 
tie greater Leg in the aflumed Triangle, Dbc, \*hich is equi- 
angular to the firft Triangle DEB, and the lefs Leg thereof 
D b'i,oo &c. 

■' * 4 Quotient is 10,552 



d. 



16,3)172 Oo>*$2 doubled b 2 1, 1 04 

-* - '0,552 Root fubftr.i 0,409 



0:0 



850 52760 



2 1 1 04 one third Rem. 1 0,6 9 5 



52760 Is the Hypofh.D e 3,565 



35 105520 



fqu. of the quoc 1 1 1,344704 



Hypoth.doub. is 7,130 



greater Leg b c is 3,422 



3 abated Remain. 108,344764 (10,409 

1 



204; 0834 
816 



^0809) 184704 The 



<i6 Arithmetical SCrigonomctr^ 

The Second Operation, To find the Legs B E md B D in 
the firft Triangle D E B. : v > 

For B E the greater Leg it holds, 

. De J : DE :. be : BE 

3,$<$5 : 82 : ,3,422: 78,7 required. 



6844 .. 
27376 

31054 . 



2554° 

. < 1 



3&S 

• 

For BD th^leffer Leg, fay. 
b De DE Db DB 

3>5*5' : 82 • ; I ' bo : 2 3 required. ' 

!,0O - 

■%&$) 82 00 C23 

I0709 



" f* J ' X ' 

— •' ? ,.. 

Then ip the fecond Tfiadjgle AEB. There is given, 

A£ tfceHypothenufe j 2P ? Tp find A B and 
and B E,the perpend icufcft 78,7 jBAEi.: 

The ftfft Opf ration is to find AB by the Extraafon of 
the fquare Root. / 

The 



jatitfwwtttai SCtigonomef r^ 27 ^ 

The Hypotheoufc AE 1 20 The, Leg B E 78,7 

Which fquare ' 120 Which fquare 78,7 



■• 



240*0 5 §09 

120 *6?96 

*» f " ■■— 5 $09 

The Square of A E 14400 / ■■ " ■ - 

The Square of BEfubftr. 619^69 , 6193169 



Remains the Squ. of ATS 8206,3 1 (90*59 or 90, 6 fere is 

, 81, ' / (A B required* 

1805.) 1063 1 
9025 

1810)' 160600 

Thcfccond O per a t i o n ( hav i ng th e th ree ^ -Sides ) *o€hd 
the angle 5 A E oppofice to the lefs Leg BE. 

TheHyportieriufe'Afcis ;i2o - 
Half of A B the greater Leg is 45,3 

— > ■ ■ » - " ' — 

The Sum is 165,3 BEis 78371 



As 165,3 • 7^,71 : : *$ \ 42 A/wisBAE Quired. 

So 



47226 
62968 



165^/6769,06 (41. JW? 



15,7.06 
* - - * . • * * ■ • 

From AB the bafe in the fecond Triangle 90,6 

Subftraft DB the bafe in thi firft Triangle 2 3, 

r • -.• • » ^ 

■ 1 1 ' 11 »■ 
- 1 

There Remakis A p which was required 67,6 

•Anfwer AB is 67,6 and 3 which wasre- 
DAE41 d. fere 3 quired. 

Note, 



28 arithmetical Crtsonomctrp. 

< Note, That in all queftions appertaining to this Cafe, vi\. 

Wherein two fides and an angle oppofite to one of rhem is 
given, the angle oppofite to the other given fide is fome- 
times dubiqus,and may be either acute or obtufe •, that is, if 
the given angle be oppotye to the greater of the given fides, 
the angle oppofite to the other given fide is acute, as in the 
two preeceding Examples. 

Bat if the given angle be oppofite to the leffirr of the gi- 
vert fides x then' the angle oppofite* to the other given fide is 
doubtful, and may be either, acure or obtufe 4 
r And when the Cafe is doubtful, the third fide is alfo va- 

\ rious, according as the angle oppofite to the cither given 
fide is required, whether acute or obtufe, as in the two 
Examples following. 



1 



The Third Example of the Firft Cafe. % 

N the Triangle A D E Fig. ig< 

There is-given 

DAE 55,4. 

A E • 1 08 > AD and ADE required obtufe. 
DE 70 * 



In this Example^ the angle ADE being required obtufe, 
the Solution falls icrthe Triangle A' D E. 

And then ("according to the foregoing Rules,) the per- 
pendicular EB falls without, upon the required fide A D con- 
tinued, fo that AEBisthe firft Triangle, wherein the Hypo- 
thenufe A E and the angles are known, to find the Legs AB 
and B E •, Therefore 

The firft Operation is for the aflumed Triangle A eb equi- 
angular to the firft Triangle ABE, the leffer Leg b e being 
1,00 &c. To find A E the Hypothenufe, and A b the greater 

35)4) 



d. 



Arithmetical SCriganomsttE. 29 1 

The Qaoricnt is 4,8 59 j 



35,4; 172,0 x C4>859 doubledis 9,718 
r- 45859 Rootfubftr* 4,540 



5040 



2080 24295 



43731 Rem.divided by 3) 5,178 



310 19435 



388 7 2 Hypoth. Ac is 1,725 



Squ. of the Quot. 2 3,60988 c 



Hypoth. doubled b 3,452 



greater Leg A b is 1,407 



• • 



3 abated Remaind. 20,609881 (4,54/1^. 

16 

85) \60 ; 
... - 42$ ♦ 



. 9O4) 359881 

> • 

The Second Operation. To find the Legs AB and B Ed 
in the Triangle A BE. 

For A B the greater Leg,thc proportion is, * 

As Ac : AE : : Ab .• AB. 

1,726 : 108 : : 1,407 : 83 required. 

'108 v 



11256 

.1407b 



* 1,726; 151956 (88^04 



j—*. 



13876 



6800 
1 * i 1 1 *• 



For 



30 Arithmetical SCrigottomrfts* 

For B E the lefler Leg it is, * 

As Ac AE be BE 

1,726 : 108 : : i 3 oo' : 62,57Tcquired, 

1,00 



1,725) 108,00 (62^57 



444° 



9880 



1250 • • • 

Tfien m the fecond Triangle DEB. There is given 

D E the Hypothwufe 70 J To find B D and 
and BE the perpendicular 62,57 J BDE 

The firft Operation, To find BD by the Square-Root. 

The Hypothenufe D E 70 The Leg B E is 62,57 

tibich Square ' 70 which fquare 62,57 

Squ. of the Hypoth. 4900 43799 

Squ. of the Leg B E 39*5 '31265'* 

- — '• — '• 12514 

Squ.of the Leg BD is 98 5, (31,4=6 D 37 542 

3915,0049 



60 85 
61 

' 624} 2400 



4 

The 



Arithmetical trigonometry 

The fecond Operation to find the atoglc BED oppofit 
the lefs Leg B D. 

IS , ' 

TbcHypothenufeDEis .7°-' 
Half of B E the greater Leg is 31 ,3 ** 

The 5am is 101,3 - B Dis$ 



d. 
As 101,3 : 3M : ; 85 ; 26,66 

' 86 • 



1 



1884 

2$I2 



, . rf. d. tn. 

s 101,3; 27004 (26,66 or 26—39 is B E D rcqiqr 

— the Complement where* 

. 6744 90 4.is 63 </.2i fe BDE 

the Complement of BE 



666,o 180 d.\s 116 d. 39 a 

obtufe angle fy D E reqv 



528 ; 

From A B the bafe in the firft Triangle 88,04 
Subftr. DB the bafe in the fecond Triangle 31,40 

There Remains AD which was required 56/4 

Anfw. A D is $5,6 and d. m. 3 which was re- 
< ADE 1 1636 5 ^or 116,393 quired. 

• » 

If the atfgle opposite to the given fide A E, had be 
quired acute, the Solution would hare fallen in the 
gle AdE, wherein AdE would have been the angle < 
the third fide required, thus found, vi\. the perpen 
E B (agreeable to the foregoing Rules) would ha* 
within* And ABE would have been the firft Tria 



32 Arithmetical trigonometry 

find AB & BE as before as alfo BdE(equaI BDE is the fecond . 
Triangle, therein to nod the angle BDE (equal BDE 6% d. 
11 m.) add the .fide Bd (equal BD314) which done 
Then, 

Unto AB the bafe in the firft triangle 88,04 
Add B d the bafe in the fecondt riangfc 31,4 






The fum is Ad which was required 1 1 9,44 






The Fourth Example of the Firji Cafe. 

*• • * 

*\ 

IN the Triandfe A D E. Fig. 14. 

There is Gi&n 

d. ' 

AED$7><S 

AD 6$ >AEand DAE required acute. 

DE 91 J 

In this Example, becaufe the angle D A E is required 
acute. The Solution falls in the Triangle ADE, and (ac- 
cording to the foregoing Rules^ the perpendicular DB talis 
within the Triangle, and then EDB is the firft triangle, in 
which the Hvpothenufe DE, abd the angles are known'to 
find the Legs EB and DB, but 

The Firft Operation, is for the affumed Triangle Edb 
canal angled to the firft Triangle EDB, and the lefs Leg do, 
i 5 oo To find the Hypothenufe Ed and the greater Leg 
Eb. 



37*) 



_ . . /.'* « w :J • . i ., jftl ?*««^ *4> 574 

d. 



37/; 172,0 %$74 ' ' doubled is & 148. 

2i5o c l — 



. 1 8295 Rem.dWibj 3 ) 4 , 9 i 5 

2800 32or8<-*«) °V3 (* -**■ 

■■ 22870 -HyporrE d is 1, 538 

i58o 18295 - ^ 



HyporrdoubLis 3, 275 
fqtutof the quot. 20,921476 '°- 1 - i 



- grttterteg.E b is 1, 298 
3 abated Rem. .iw;i«« fa^t' / ., . . _ 



164 



- . ■ „ -. , . • 1 ■> 



t*;^- -.-. i94)/-' 9844C* .- .V.. j .v jm; ,, .T 

<. • ' ! • , ."..,'• ' 

v '* tf . " ' * ' ..»,.-•.«. . • 

The-foem! Operation, To find the Legs £ Band D B ia 
ijttfkft Triangle E D B. 

L \ . \ Firft, ForEByhegfekteriegitis, 

^4 . ED J& EB 

' As M38 ~: 91 : : #9298 7 2,1 repaired, 

' < r •. ;•• .. 91 



a 



S 






-/. *I29i ; ;'' 
'11582 , 

n ■ 

1,5^8) 118,118 (72,11- 



«• 



54S« 



I 



l820 






-1 



-- Sccwrffy, ^ the leflct Leg D B fay, 

i 5 oo 

' 1^38) 91,00 (55,55 -i js- * 

„ _ JL_ . 916a ;> -..•>-: . .». > .;!: Jo ;: 

9100 . . . . 

< Then in the fecond Triangle ADB, Thetn is given, 

The Hypothetic AD 65 >To fllRTA Edltd 
&BD the perpendicular 55,5*5 BA^l l X ] 



> ^r 



The firft Operation, To find ABAy «hd^krc-Root. 

The Hypothenufe AD is 6%, c <£hcIe$BDi* 55,5$ 
Which mulripl. initfelf 63- _ Which fquare 55,56 

i'.'i Z I:. J i : 3 -j-- - «» "mi 1 1,7 e noi- ; ; J "' m s i s riT 

t- -* *- « ^ * • ,f , . •■; «J -* io^ ••• •• * 27*30 

The fqu. of the tfyp&fit ,396^0© - 2778^ 

The fqu.ortft*i*gW fc 30 •«#* V : / ■ J -: - ■ ■ fc ir 

>W .r 508^1 3^ 



I. J 



• • 



The fqu. of the leg AB is ft$6? (29,7 fa A B required^ 



4; bii 



■ Ml-*' !!■ ~— L ■" 






^ ., .«.>■* 



±£- 



sffTiiio? 






;$ €0 the 



• The fccond Operation is ^having the three fides) to find 
f the angle A D B oppofee the tefsteg A.R 

The Hypothenufe AD is 6% 
\ Half of DB the greater Ug fe %W$ 

the Sum is" 50,78 AB is 29,7 



•+~+ 



As 90^8 : a?,7 : »'■*«•'« «B,f4"*jfJ-AI» ^ 



»« _ * » * 4 ' 



f 1782 



\' 



t8— 08 ADB required t 
CbmpkiltWttt.wbereof 



73860 ,r 90 4. is 61 d* $2 m. the 



41? L- < antic & A EtMcjatocr A 



$a8*- 



Unto EB the bafci^rt^ firfl jTxb*|le 72,1 
Add AB the bate in the fccond Triangle 29,7 

r Ttafu^l is A t the fide required 101,8 



r \ 



In this fcxam^lc, if the angfc tttpafiriTto the given fide 

D E* bad been rrau^efctafe } Ac S*lutU» wwl* have 

been in the triable a D E, in which D a E woutfhave been 

*hp *i>gte and a E the third fide required, £ndthenfao 

[cording toftc former Ri*s) the pcr«ndkul*r OB fells 

withoncthc Triangle, mid EDB would hai*been djefirft 

triangle,, To find E B and pB as before, and *DB C ejjual 

ADB) the fecond Triangle, therein to find the angle BaD 

(equal BAD) 61 4. 5* *♦ and the (id* a BCcQual ABUo^ 
whKhdc^ibcQbt^gngleDaEiiad^hcadeaEbthu* 



%6 arithmetical aCrigonometr g* 

From £6 the bafe in the firft Triangle 72,1 
Subftraft a B the bafe in the fecood 29,7 

Remains the fide aE required 42,4 



»• *• dm. d. 9L - 

And the Complement of Ba Dtfi— $* to 180 is 118—08 
the ange Ha £ required Qbtuft. 

Therefore if the angle at A be required acute. 

The anfwer is DAE 6\ d. 52 «Land J 
AEis the third fide 101,8 J 



.i ,;v? .iv*/ r 



v 1 But if the inngkat A be required obtufc. 



' *1 



Theanfifctu DtE 118-08 and 

a E the third fide 



b4MJ 



, TheSeco*dC<*fe. , 

TH £ Wangles and one fide being given to find the other 
twofides. ■ " ' 

The Firft Example. 
; In the mi$de fcttin Triapgfe A#£. There fc given 

AD£ir8,8 orii8— 48^Afe>mdDEte- 
• DAE nlfr'or 25—42/ quired. 
/ And AD 85*5 > 

flfcf, That in all queftions pertaining to this Cafe the 
the perpendicular (agreeable to the former Rules; will ak 
ways fall upon one of the required fides, if cither of die IcG 



■ arithmetical Cctgonoinetr?. 37 

fcr (ides be given it foils within, as in this firft Example ; ba c 
if the greateft fide be given it falls without the Triangle, 
upon either of the required fides being continued, as in the 
/econd example ; and towards Refolution thereof, there is 
always the angles and the Hypothenufe given in the Firft 
T)riangle,to find the Legs as li>the fceond Cafe of Right an- 
gled plain Triangles : and in the fecond Triangle, you al- 
ways have the ingles and one of the Less known, to find the 
the Hypothenufe and other Leg,as in the firft Cafe of Right 
angled plain Triangles. 

In this Example ADB is the firft Triangle wherein the 
Hypothenufe AD is 8 5,$ and the angle BAD 25,7 <&£• To 
Wind the Legs AB and DB, and in order to the Solution 
thereof. \ . •' 

i. 

The firft Operation, is for theaffumed Triangle Adb equi- 
angular to the firft Triangle ADB,and the icfler Leg db 1,00 
fee. . to find the Hypothenufe A d, and the great Leg A b 5 

Quotient is 6,442 



d. 



«■• 



26,7) 173,0 (&A42 • dfebhis 12,884 



\. i 



1 180 



it 20 25768 



6,44 2 Hoot fubftr. 6,205 

12884. ~ f °f * c R* 11 ^ &fil9 



-«. 



52 . 38652 



25768 M y poth. Ad is 2,2 26 



doubl. is 4,452 



fqu. of the Quotient 41499364 greater Leg Ab is 1,990 



• a • • 1 



3 abated Remain. 38,499364 (6,205 , 

36 . . 

— .1.1—- .!■ ■ .11 I .. . , 

I22> 249. 

t 12405) \s\H 



D 3 The 



f 38 arithmetical adrtgonometr?. 

r The fecond Operation, To find the Legs A B and D B, in 

b Tlje firft Triangle A PB* 

Firft por A B the greater J-eg it holds. : 
M Ad AD Ab' AB 

< . 2,22$-;' 8*5 ' }*'h99 : 7<J,43 retjuired. 

1*99 

■ 11 * 1 , 

7*0* . 
8$$ 



■ ^425) 170,145 ( 7 <J,4 ? 

' ti n. 

*43?5 
9*9° 

Secondly, For Bfc the leflef Leg the proportion is, 

As A d .* 4f> : : bd •: B D 

2,226 : 85,$ ; : i 5 oo ; 53,41 required. 
1,00 % 



2,225) 85,500 (38,41 

■ »■■ v* 

18720 



$>I2Q 
21$ - 

Then in the feebnd Triangle EDB. # There b given ■* 

- BED 34, $i. ^DE the Hy pothenufc 3 and B E the Bafe 
DB 38,45 required. ' 

The, firft Operation is, for the aflumed Triangle Egb equi- 
angular to the fecond Triangle EDB, and the lefler Leg there- 
of gb i a oo and to find the Hypothcjiufe Ec apd the greater I 
NiEb. 34>5) 1 





, _--_-.-„ '• 20 

TheCjaorienti* 4,985' 

S4>5^ *7.2*°' (4>9*<* dottblcdis 9,972 

- — ■ , . 4)98(5 . Root fubftr. . 4,575 

g 4 oo * * J : ■■ : _^ 

, 29pi5 Rertt.divicfeJJi>y 3)5^97 



2950 39888 



«« 



j 90 19944 



44874 „ Hypoth. Ecis 1,755 



Squ. of the Quot. 24,850 1 96 



Hypoth. doubled is $332 



* k 



greater jUg E bis 1,454 



» • 



3 abated Kcmaind. 21,850196,(43675 

: 8# j8tf 
$16 



{■■ 



\ 



P27) 7PC* r 

5489 * 



>' . * « *.\ 



s>?4i) $'^ * 

» < ■ > ■ ' i ■ » ■ 



* .1 

•"457* 



> 



The Second Operation. ToifndtheHypbthcnafc DEand 
B E thereto rbeftpogd Triangle E.p T B. ^ ._, » 

. Firfti For D E the Hypothenufe fey, 

» « ' » . •.*.'.,' /I 

As bg : BD ; : £c t DE - .. J^ 

ijoo ; 34,8: : i 3 755 .: 57,81 Required. "~ 1 

38,4 ; • . :' I 



■*• \ 



7054 
14128 
5298 



i 

• 



, *»oo; 57,81*44 (*ftftr 



' fa flttftftietical ^forttoiiftr? , 



n >- 



, Secondly, For B £ the bafe it holds, 
A _ bg : *BD : Eb : EB 

9M 



u*3? 

' 4352 






i/ob> 5**833* (55^4 



Unto A B the bafe in the firft Triangle 7^,43 
AddEB the bafe io the fecond Triangle 55,84 



Th* fmn is A E required , 132,27 



Anfwer C A E is 1 32,3 ftre and 7 which Was 
- £ DE is 47,8 5 required. 



The Second Example of the Second Cafe. 



% »# 



1 
1 



IN the Triangle A D E Fig. 1$. 

There is given 

# 

AE 124^ 
A E D 39,35 4. (AD and DE required. < 

ADE 112,5 * 5 ( 

In this Example the perpendicular (agreeable to the fore- 
going Rules) falls without the Triangle, and may either fall 
rom #ujpon D E continued, pr from E uppn A D concinu- 
d, as it is hefe done from E, and AEB is the firft Triangle, \ 

whcfciii 



>. 



* 



r 






Arithmetical CrigoiumieteE* 

wherein A EtheHypothenufe is 124, and the angle BA] 
a8,i 5 dug. Jo fad the Legs A B and B E, Therefore 

The firft Operation is for the affumed Triangle Aeb equil 
angular to the firft Triangle ABB and be the leffcr Leg i,o<* 
ftc! To find the Hypotbcnufe A e and A b the greater Leg, 



d. 



The Quotient is 6,i 



28,15)17^,00 - (*,u . ^IS?* I2 >* 

L, ~ ' 6,M Rootfubftra. *,85 



3100 



6 in . Rem. divid.by 3) 6^6 



2850 tfn 



1 1 - 



$66$ Hypoth. A c is 2,1 2 



31 



fxju. of the Quot. 37,33*' H y poth.don bl.js 4,24 

. . .\ . Greater Leg A b 1,87 
,2 abated Remain. 34,3321 £$,86 

? _25 • * 

ip8)93? 
85 4 , 



1166) 6921 

The Second Operation, To find the Legs AB and B E 
theiirft Triangle A E B. ' ' 
» ^ , \ Firft to A B the greater Leg fay. 
" Ae AE Ab AB 

[ *wa »■• 124 \ •• 1,87 : 109,4 required, 

; .:.' . 1,87 

1 • 868 '?:■ 

■ ' 124 

2,1 2; 231,88 f iQ9 3 :8 

I988' A 

■ ■< ■' ■ 

80 .) 

■t .1 ■■ I ■■ ■ 

■ 14+ ' ■-••■' 



1& arU^tiitd ^i$mtntttv. 

Secondly, For B E the lefler Leg it holds, 
. Ae AE be BE - 

2,12 : 124 : : i»oo : 585, required. : ■ •'- " 

l,oo 



jyl Z) 124,00 (5^,$ 
I8OO 



Then in the fecond Triangle D E B. 

There is given, ( 

•»» tu &• 

B D E 57,5 the Complement of ADE 112,5 to 1 80) and 
B £ the perpendicular 58,'$, To fmd D E the fiypothenafc 
and DB the bafe j So that, 

The rtrft Operation is for the aflumed Triangle Dca equal- 
attgled to the .fecond Triangle D E B, and D a the kfler 
teg I300 To find ac the greater leg, and Dc the Hy potlit- 
niife,' Dca the angle oppofite to Da the lefler ^eg is 23,5 de&. 

Quotient » 7^44 

d. * ; - ■ ■! — • 

12,5)172,0 C7^44 ilotiblcd is 15,288 

— *-— 7^44 Rootflibftr, 7,44$ 



MS 



tju. of thequot. 58,43073$ 



• • • • 



grcaterLegacis a^i* 



abated Remains 55,450735 C7»44J 

' y ■ ■ ' 
144; 543 - 

576 



I484; 6707 



148853 77136 The 



1 



1 



30 576 HenuiiWd.by 3} 73843 

1 coo /■ 30575 * — 4 

45864 the Hjrpoth.D c is 2,^14 ' 

1000 53508 ■ ■ * ■ ] 

Hypotrudoubris 5,228 ' 



ivr* 



I* 






frxiflwetiafc SCrlsonoroetrft 43 

The Second Operation to find the Hypothenufc D E am 
the lefler Leg D B in the fecond Triangle DEB. 
' ■ . '• 

~ . Firft, for the Hypothenufe D E it is. 

V 

ac *BE Pc DErequired, 

^ 2,41* : 58,5 : : 2^14 : 63,5 

15070 ,. 
,20912 
13070. . 



2,416 ) ,1^2,9190 (*3>3ft r < 
79$9 

Secondly, For the leg D B the proportion is, 

ac BE Da DB 

** 2416 : $«,s • • *> 00 ? *4> 2 required, 

1,00 • 



2,41^) 58,500 (24,2 1 

I0I80 

' I 

• . 328- 

prom AB the bafe tn the firfl Triangle 1 09,4 
$ubftra& DB the bafein the 2d. Triangle 24,2 

There Remains A D which was required $5,2 

Anfwer ©t is 63,3 and ? which was re- 
AD 85,2 ' S quired. 

J 



^ • *■ ■ rm 



1 



44 &rft$meticgl StrtgomaiwH*. 

The Third Cafe. ' ■ 

TWO Side* and the angle between them, being Given, 
To find the third fide, and the other angles. 

« 

Firfi Example. ' 1 

la the Triangle A IX E, TJfcre is given. 

A E 126 - * 

A D 78 d. i D g, A D E and AED required; fig.i 7 

DAE 314? 

In allQueftions thit {alls' under the confederation of this { 

Cafe, the perpendicular ( by the former Rales) alwayes . 
Falls tipbnoneof the given fides: and if the given angle 
be acute it may fall" either within or wkhout the Triangle: 
Ihf if the given angle be obtufe, it falls without upon either 
of rtte-giyen fides bexpg continued. Then in theArft Trian* 
gle yon have always the Hypothenufeand the angles given . j 
to find the Legs ; and in the fecond Triangle there is the \ 
Legs known, to find the Hypotheoufe and angles, as in the 
third Cafe of Right angled plain Triangles ; 

f n this Example the given angle being acute the perpen- 
dicular falls either within or without the Triangle, here I 
have let it fall within. And ADB is the fir ft Triangle in 
j*hieh the angle RAD is 3 1 ,4 d. and Ad the Hypothenufc 78. 
To find the legs AB and BO fo that towards the Solution 
hereof, 

The firft Operation is for the affumed Triangle Adb equi- 
angular to the firft Triangle AI>B, and, the Iefler Lcgdb 
i,oo &c. To* find the Hjpotnenuik A dand the greater 

leg Ab* 



fc 



d. . • 
31,4; 172.0 . 



^rittjntcttcai Crtgonomf trr* i 

The Quotients 547 

(5478 - — r 

5,478 being doub. is 10,95 



1500 



43824 



foot f«bjtr. 5^9 



2440 



I 

fqu. oftheQjiot. 
3 abated Remains 



38 $4$ ftcm, difjd.by 5 ; W5 

21918 -T- 

27390 . Hypoth. A d &H->$1 



jj^L 



30,008484 Hypoth.doub. is 3,84 



• • • • 



greater leg Ab is 1^3 
27*008484* {5**97-* 



»5 



4 •*- ti 



101) 2,00 
ioi 



1029J 9984 
9261 



10587; 72384 



The ftcotid Operation to find the legs ABaarf BD be 
firft Triangle ABD. 



As 



Firft, for AB the greater leg (ay. 

Ad ' AD ,Ab AB 

U92 : 78 : : 1,638 : 66,$ required. 

. ' ■ . 7* 

' n - '* " ' 

13104 
• 11466 * - 

12$6 



*°44 

840 






45 4tit|metical SCtigonottuttt* 

From AE the whole bafe in propofed Triangle 1 26,00 
Sobftraft A B the bafe in the firft Triangle 66,54 



There Remains EB the baft in the fecond Triafig. 5946 

Secondly, for BD the lcffet Leg it holds. 

M Ad ■ AD bd BD 

. l^z : 78 : : i 3 oo 40,0* required. 

i,oo 

1 floo 



480 . ..... 

then in the fecond Triangle EBD. - There is giveii 

DB the perpendicular 40,62 and > Tb find t>E the Hypothc 
EB the bafe 59,46 - i nulc and the angles. 

The firfl Operation to find DE by the fquare-Root. 

The Leg E B is 59,46 The Leg DB 40,62 

Which fquare 59,46* Which fq ware 44^2 



-* 



The Squ.of E B is 353 5,49*6 
The Squ.of DB added 16 $9^844 

■■ ■ > n 1 ■ 



1659^844 



The Squ.of DE is , $i#5>47*° (7V9 /ir< DR required, 

49 

• ' ' f * 

mO 39* 

284 



14409} U4760 The 



I' 



1 



. 35*7*.. 8124 • i 

23784 ' ' 24372 1 

2979° r.~-~ — 



^ 
h 



V 



V 



jariffjmrtical Cttgtmcmrtr^ 



2^ 



The fecoifctf bpentttem is fkcowrag" the three fides.; To 
fiod the angle BED oppofirc the Ieflcr kg BD. 

. fc •< *■ * - * * r • * i . » . 

The Hypotbennfe DE is ;. «72 t i-. . 

Half of BE the greater Leg is 29,7 



The Am is iqj,8:? 



» 1 •„ 



I r — ♦ ; 



The Iefler Leg BD is . , 40,6 

. ,. ,j.-. -. j. 86/ ' r '. * " 



c : ,iBi- 



c •*■ - : • 1 , »• 3 Bfifrreoufred the CotttWe: 

T ' ' r " 4376 n tttetti thereof to $a / h 

5$ rf.42 «. the angle BDE. 



?• c A 



3040 



r » 



~- Their tmto ADB in the firftTriangte- $8— ■»$$ 
A4dEDBfethefea>ad Tnanfcle ^$— 42- 

*** * - 

SB to 15 tfccaftgte 49DE which wfc* required 1 14-1*" 



<£ ar. tu 



1*m M*m tmw 

, fluff* 72,1 AED 34—18 or 34,}> 
Anfwcf * d. m. L >which was 

^andADE 114— i8or ir4,3 J required. 



The 



4? £tfi$metfcal Sfrtgonomefr?. 

The Second Example of the Third Cafe. 

r the Triangle A D E. Fig. i*. 

There is Given 
« 

ae tat ^ ;'i." . 

DE 7 5 > AD, ADE and DAE required 
AED 3 fc4i.-> 

In this Example becanfe the given angle is acute, the per* 
pendicular (agreeing with the former Rules J may fall either 
within or without the Triangle as in the M Example/ But 
for variety fake I have here let it fall without, fo that EAB 
becomes the firfi Trianglc,in which the angle AEB is 34,4 <L 
and the Hypothenufe EA 122. To find fhej legs EBand BA, 
therefore, . \ • \ 

The firft Operation is for. the aflumed Tf ianglc E a d cor- i 
icfpondtng the firft Triangle EAB, a d^ the lefler leg being 
1,00 to find Ea the Hypothenufe and Ed the greater leg. 

-• the quotient is 5,00 i 

944) 172,0 ($ being doub. is 10,00 jj 

■■ 5 The Root fubftr. 4,69. « 



tQO " ' * *. •"■*" 



The Sqa. of thequot. 25 Etan.divid.tfy gj $£i 



«<— • 



3 abated Remain . 22 (4,^9 The H$podfe£a iUilf 2 

16 ~- >■ 



86) 600 



Hypoth. doub. is 9,54 
$ 1 6 The greater Le&Eb is 1,4* 



9*9). 8400 ; 

83$ t 



The 



* 



#rttl>mtftcal 2Edgo»wrotfiw 4$ 

The fccond Ope&tipn to find the Legs E B and BA in the 
firft Triangle E A B. 

Fkft; For EB the greater Leg it is; . . .;, 

A j Ea EA Eb EB. ' * 

i,77 -^aa : : 1,4$ i loo^rtquirtd; 

M* 

s732 . 

488 
122. 



< 1 » T 



# J 



^77) 178,12 (100,54 f$ri. 

l. ■ * ' * 

Secondly, For A B the leffer Leg it holds. 

* ^ Ea EA ab A8 

1,77 • *** 1 ' *,oo J 66,9 required; 

* 1,00 



1,77) 1*2,00 (68,9 3 //r*. 

I58D 



I (540 



v 47 



> from EB die bafe in the firft Triangle 100,64 
Subftraft the given fide DE 75,00 



■» 



i. * 



t' The Remains DB the bafc in the 2iTri«)gle 2 5,^4 

E Thai 



50. flrttfjmetical Crigonomctc?. 

« 

Then in the fecond Triangle DAB. There is given. 

A B 6%#%\ To find A D and 
- DB 25,54/ BAD. 

The firft Operation to find AD by the ftjuare Root* 

The teg A Bis f 68,93 ThcLeg.DBisaS,94 

Which, ranlt. in it felf 68,93 Which fq mre 25,64 

20979 10256 

62037 < - 15384 

55144 12820 

41358 5128 



The Squ.of A Bis 4751,3449 657*34096 

TheSqu.ofDBis 657,4096. 






TheSqu. of A D is 5408,7545 (73>54 " AD required. 

4? 

i43),5o8 

• • .• 4 2 9 .■••.• 



Hfs) 7975 



14704; 65045 
58816 



il k fr,^ 



6229 

The fecond Operation is having the three Tides to find the 
angles. 

The Hypothermic A D is % 73,54 

Half of the greater Leg A B is . 34,46 

The Slim b !oS*od' 



The W5hr l*fc£ B is * £64 *..*..: 

t r, ^ ■ n 1 As 



A110& : 2$;©V : : ' M : ao^deg.fcrfD. 

8(5 



20$I* 

if. 4. 



•* M.. «- >« . 



* ' » 



108) 2205,04 (20,4 or 20—24 is BAD:theCaflt» 

plement of which to 90 d. is 

450 - , fyd. $6 m. the angle ADB. 



1* M . . , 



j 



The Complement of ADB to 1 80 d. is the apgle ADE 
1 10 {U24 m* which was Required; t 

Anfwer ^ At>is 7 3>5 ADE 1 10,4 or 1 to- -2 4 T which was 
^ ^ 4. . <*. m. required. 

C and DAE $$,aor 35—12 > 



* 



• * 



1 



The Third Example of tU Third Cafe. . 

N the Triangle ADE. 
There is Given *-• Fig, io« 



d. y 

109,3 Cae, 

80* r re 
73 -> 



ADE 109,3 CAE, DAEandAED- 

AD 26 ( required. 

DE 



In this Example (the given angle being obtufe) the pefr 

pendicular (agreeable to the former Rules ) falls without the 

" Triangle upon either of the given fides continued, here 1 

, have let it fall from A upon DE continued, hereby DAB be- 

E a comes 



'^1 



5$ acitlwttical SCrtgonomctrp. , % 

comes the firft Triangle wherein is given A D the hypothe- ' \ 
85*nd 1fcDB 70,7 d. (die complement of A D £ to 1 8o d.) , 
To find the legs ABtiiciDB, therefore, 4 1 

^ ' <*. 

The firft Operation is for the affiuned Triangle Dab, 
equal angled with the firft Triangle DAB, and the lefler icg 
Do i ,oo and to find Da the hypothenufe^and a b. the greater 
kg^hereof. - 



d. 



Quotient is 8,912 



I 17^0 


("8,9 1 a 
-. 8,912 

17824 
80I2 
80208 


1750 ' 
230 


37 


71205 



doubled is 17,824 
RootSubftr. 8,742 



Rem.divid. by 3^9,082 



fqua.of the qnot. 79,423744 



.Hypot.aDis3,o27 
Hypot. obubLis 5,054 K 

"■I " 'L 

greater Leg. a bis a, 8 $8 



^ • • • 

-3 abated^Rem. 75,423744 ("8,74a 



Tf* 



157)1242 
Il59 



1744^ 7397 
* 5975 



17482; 35144 



* 



The 






' f tfrittymtieal Ctigontmutt)?. 53. 

The! fecond Operation, To find the Legs A band D B in 
the firft Triangle D A B. 

Firft, For A B the greater Leg t%E proportipn is, 

aD AP . ab AB 

As 3,027 : 86 : : 2,8*8 8i;2 required. 
* 86 



17148 . 
22864 



3*027) 245,788 (Si,z/*r# 
3628 



,» 1 



- < J ■ 6616 •■ \< 



Secondly, Far DB the letter Leg the proportion is, 



_> 



A . «D AD Db J>B 

* s 5,027 : 86 : : 1,09 : 2T,4 required. 

* - I>00 



3,027) 86,00 (28,41 A •• „ UntoDE 73 
AddDB 2841 



The Sum is EB 10141 



1* 



25460 

12440 ■ ■ ' « 

332 

■ _ « * 

Then in the fecond Triangle E A B. * ' x 

There is Given, , - * * 

EB the bale 101,41 and \ To find A E the Hypothe- 

AB rhe perpendicular 81,2 j nufc and the angle AEB. 

E 3 Tbfc 



54-' ^frif^mtfical JCei 

* 

The firft Operation to find AE the Hypothenufe by the 
fquare-Root. 

The Leg E Bis 101,4 TheLegAB 81,2 

mult.initfclf. 101,4 mufr.mitfelf 81,2 



4 C 5^ 1624 

1014 ai2 

10140 6496 



The SqiuofE Bis 10281,96 
The SqU.ofAB added 6*93,44 



fqu.of ABis 659344 



« • * • 



The Squ.of AE is 1687440 (129,9 AK required. 

1 



2.0 « 

44 



249) 2 474 : 
2241 



2589) 23500, 
23301 



, The Second Operation is (having the three fides) to find 
the angle AEB bppofite to the leffer Leg A B. 

The Hypothenufe AE js 129,9 

Half of the greater Leg £E is $0^7 



The Aim is 180,6 



The icflcr Leg AB is * 81,2 

"•• '■ As 



#tt&metual SCrigonomef tt. : ' ^5 



As 180,6 ; 8i 3 2 : ; 85 : 38,74/. 

8d 



4872 
6496 \ 



i8o 3 <$; 6983^2 ("38,7 i/ir* ABE required. 
15652 



12040 



{AEis 129,9 or 130 1 

A £D38,7^./mor 38^41^. >which waste* 
and DAE 32 d. J quired. 



■ ) ' 1 



The Fourth Cafe* 

'TH HE three Sides being Given, To find the angles, 

F*>/? Example. 

In the Triangle A D E. There is given. 

AE 112 ^ 

A D 78 SAED and A D E required. Fig.20. 

D E 62 * ! 

For the Resolution of this Cafe, reduce the Oblique plain 
Triangle into two Right angled Triangles by letting fall a 
perpendicular, which may cither fall withiij or without the 
Triangle without limation, that fide upon which the perpen- 
dicular is let fall is the bafe. Then to findthc bates in both 
the right angled Triangles, firft find the Whiatc bafe by 
this proportion, vi\. 

E 4 As 



&q}ff)metical Crigtmomef rp: 

As the true bafe, is to the fum of the two fides \ Co is the 
difference of thole (ides, To the alternate bafe : When the 
perpendicular is let fall within,this alternate bafe is the diffe- 
rence of the bafes, and when the perpendicular falls without 
ic is the fum of the bafes in the two right angled Triangles; 
So that having the true and alternate bafe, fubftracYthe lefler 
from the greater, and the perpendicular falls in the middle 
• of the remainder, therefore half the remainder is the bafe 
in the lefler Triangle, and half the remaind er added to the 
alternate bafe if its the leaft,or to the true bafe if its theleaft, 
gives the bafe in the greater Triangle, and when the per- 
pendicular falls within, the true bafe is the greateft ; When 
without the Triangle, the alternate bafe is the greateft. 

Thus having found the bafe in each Triangle, there is the 
bafe and hypothemife' in either known. To find the per- 
pendicular ('which is common to both J by the Square. Root, 
which done, then is the three fides iq each known to find 
there angles. 

For better illuftratien 61 what is here premifed,* I (hall 
let fall the perpendicular within in this firft Example, 
and without the Triangle in the fecond. $o (hat in this 
firft Example the perpendicular D B is let fall from D 
the greateft angle, upon A E the greateft fide, and defcri- 
bingthe Semi-circle £EX, with the extent DE the lefler 
fide, upon D as a {Center, then is A I the fum, and AX the 
difference of the two fides AD and DE, alfoAE the true ttafc 
and A N the alternate bafe, being here the difference be- 
tween the bafes A B and B E. >•,*_• 

The firft Operation i^to find A N the alternate bafe. ; 

> The two fides. * • •• • 

JpE is 62 * 

-j — v " 

The fum is ucApal A Z. 

The differ.is 1$ equal AX. 

•••■■•- " . • The 



8tifymttita\ Crigonomrfnn 

The Proportion, 

A AE ; AZ : : AX : AN 

' 112 : 140 : ; 16 : ao the alternate bafc. 



16 



340 
140 



V 



112) 2240 (20 

I ■ ■ »» 

8 

From AE the true bate r 1 2 

Subfyraft AN the akernate-bafe 20 



The Remainder is N E 92 half whereof. 

Is the Eafe BE in the lefler Triangle 46 
Unto which add AN thealtcrn.bafe 20 



The fum is the bafe AB 63 in th e great. Triangle. % 

, The fecond Operation to find DB the perpendicular. 

The Hy pochenufe DE is 62 The Bafe BE is 4^ 

Which fquare 6z • w,hich fquare 46 

124 276 

, '. 372 . ^84 



Squ. of the Hypoth. DE 3844 Squ.of BE 2 1 16 

Squ. ofBEfubftr. 21 16 

Rem, the fqu. of DB 1728, (4i : $7 is DB rcqaired. 

Ml 1M -^|-| ■■ ■ || - .^M^M^HM 

8^; 128 

8t f 



825^ 4700 
412$ 



Tlie 



* 



■5& arithmetical Crigonomtfrf, 

The Third Operation to find the angle BED in the right 
angled plain Triangle EBD. 

The Hypothertufe DE is 6 2 

HaifofEB the greater leg is 23 



The Sum is 95 



PB the leffer leg is 41,57 



As 85 : 41,57 : : 85 : 42,1 L the angle/BED. 

85 



24942 
33255 



85) 3575,02 (92.1 d. fere the Complement where- 

— ofto9orf.is47,p^.thean- 

.175 gle.EDB. 



50 

. The fourth Operation to find the angle at A in the right 
angled Triangle ABD. 



The Hypothentsfe AD 

Half of AB the greater leg is 


78 
33 


The Sum is 


in 


DB the leffer leg is 


4«>57 



arithmetical ^trigonometry. 59 



As m : 41,57 : : 86 : 32,2 d. the angle BAD. 

85 



24942 
33256 

*fr 

Mi) 3$7$»o2 f32 3 2 ^.theCompLwhereoftopo 



24$ is the angle ADB 57,8 
add the angle ADB 47,9 



230 



fumis the angle ADE 10^7 



8 which was required 



*" 



\._ 



The Second Example of the Fourth Cafe. 

IN the Triangle ADE. Fig. 2 i. 

There is Given # 

AE 105*} 

AD 69 >DAE, and ADE required. 

DE $8 J 

In this Example^ have let fall the perpendicular A Bfratn 
the angular point at A without the Triangle upon the fide 
p E continued which is here die bafe. 

Therefore upon A as a Center with the extent of A D the 
lefler fide, defcribe the Semi-circle XNZ, then is EZ the 
fum, and EX the difference of the two fides AE and AD, 
alfo DE is the true bafe, and N E the alternate bafe, being 
ngw the fum of the bafes BD (equal BN) and BE. 

The 



I 



6o Arithmetical Crtgoiteinetr^ 

The firft Operation is to find E?4 the alternate ba r c. 

The two Sides. 

AE 105 , 
AD 69 



The fum is 174 CC 1»*I to E Z 

- — « 

The difference is $6 equal to E X Then fay, 



As DE EZ EX EN 

$8 : 174 : ? 36 : 108 the alternate Bafe. 



1044 
522 



•w^ 



* 58) 82^4 (lofr 
46 1. 



From EN icfl tl\e alternate. Bafe. 

Subftraft APE 58 the true bafe. 

— " \ . m II ■■ » ♦ 

There Remains DN $0 



Half whereof is DB 2 $ the bafc in the leffer Triangle. / 
Unto which added DE $8 the true bafe. 

The fum is BE 8$ the bafe b the greater Triangle* 



m< • u 1 1 11 



The 



Arithmetical Etigonomctr*. ei 

The fecond Operation to find AB the perpendicular. ' 

The Hypothenufe AD is 5p the leg DB is 2 5 

Which fqnare 69 Which fquare 25 



d2I 12$ 

414 ^ 50 



the (qtt. of A D is 47* i the (qu. DB is 62 $ 
Thcfqu.ofDBis ^25 — 



• • 



ThAqu. of A B is 41 3d ($4,3 1 is A B required/ 

3d 

124) &6 
496 



1283) 4000 
f 5849 



.* 



'5* 



The Third Operation to find the angle at A in the Tri- 
angle DAB. 



The Hy pothenufe AD Is 69 
Half of AB the greater Leg is 32 

The Sum is ior 

DBtheleflerlegis 25 



i 

I 



"y*t— - - -^ 



6% Arithmetical Crigonometr?. 

As xoi : 2<> : : 86 ; 21 d. 28 ». the angle BAD. 
.86 



150 

2?0O 



101) 2150 £21,28 i. or 21 d. 17 m. the Comple- 

— ■ meet of which to 90 ^ is the angle 

130 ADB 68 d. 43 ffu and the Comple- 

ment of 68 a. 43 m. to 180 a. is 



290 11 id. 1 jm. the atfgle ADE required. 



880 

The Jbmrth Operation to find the angle AEP in th#Trv 
angle E AB. 
TheHypothenufe AEis 105 
Half of EB the greater leg is 41,$ 



» in m 



Thcfumis 146,$ 



><»<4 



AB the leff^r leg is 64,3 



As u6,$ 2 <*4>3 : : 8< * : 37^75 <*• the angle AEB.» 

"- 86 



. 3858, 

5144 

■ir. 1. , . * t 

14^5) 5529 5 8 (37375^^37^-4$ m * theCompIe- 

- , - ■ ■ : „ „■ menc of which to 90S. is 

1 1 348 r §2 aL 15 *. the angle B A E 

- ■ ■ .' ."V . , . from which fubftraft 21 <f. 

10930- , 1 7 ».thea«jgle BAD, remain* 

.- ._ _ dcris^oi. $8 w. the angle 

6750 DAE which required. 

Anfwer ADE is 1 1 1 4. 17 Mr. and \ which was 
DAE is 30 i. 58 w. S required. 

Ftyis Coronat Oput* Th u * 



arithmetical ffirigonomrtt?. 6$ 

Thus much for the Doarine of oblique angled plain Tri- 
angles by Natural Arkhmetick. ' Whereby all the ufual 
Cafes therein are refolved without Tables, and no further 
burdenfome to the memory, then' the remembrance of three 
or four lines which is inconfiderabfe. 

And it may alfo be obferved,That all the anfwers for the 
. foregoing Examples, in the feverdl Cafes of oblique plain 
Triangles rarely differ three Centifmsfjom their Logarithmt- 
cal anfwers ; yet notwithstanding if any (hall be fo critical 
{or rather prejudicially prepgffeft) as to cavil at what is 
here undertaken, alled'gingit tedious, or thar the rife there- 
of was from Sntllius, or Mr. Collins^ and long fiace made pu- 
bliek by them. To which my anfwer is, I mud heed ac- 
knowledge my felf very much beholden to thofe worthy 
Men, whofe Works was a means that this was brought to 
light ; yet neither of them has given any Rufc whereby to 
refolve a right angled plain Triangle, having only one oftJir 
fides and the angles given without the aid of Tables. There- 
fore let fuchas cavil or raife objections as aforefaid, but frame 
a better or more expeditious way from Snellius his Rale and 
Demoni1ration,or by any other means of their own without 
Tables, and then Khali very fubmiflively crave their par- 
don ; otherwife I may expeft their favourable Conftru&ion 
of what I have here publifhed. 

I (hall forbear the application of plain Triangles, to any 
parts of the Matheraaticks \ prefuppofing the Reader to have 
made fo far an Introduction in fuch Sciences as to do that 
himfelf, but if not,(hall refer him to fome Authors already 
extant; ihaoy whereof have fo well performed it, that now 
it4c cmc almoft fmpoflfok toadd«ty thing more that is ma- 
terial or ufeful.Yet how advantagious this method may be at 
Sea in cafe bothbooks and inflruments be loft, and how con* 
venient on (hore in taking altitudes and diftanccs, when the 
Tables of Natural or Artificial Sines, Tangents and Loga- 
rithms are wanting, I (hall leave to the impartial Practitioner 

to Judge.- 

A' 



54 arithmetical SCrigonoimtn?. 

An^ Icaft any into whofe hand this may come, fhould be 
at a Iofs f6r want of a, competent knowledge in Decimal 
Arithmetic!*. I have hereunto fubjoyned a Thort but full 
Trearife thereof, together with the Extraction of the Square 
Root. So that the Reader may herein be fully provided and 
fitted with what ismoft neceflary and pertinent for perfor- 
mance of the proceeding Work; 



N 



■■>■!!■■■ If . — ■ m+mmi*m 



Deci* 









75 



; Decimal Arithmetic^. 

I^k Ecimal Arithmetic!* cfcrives ire jpame from the in- 
. M tent, or meaning of the word as implying the 
M integer (whether it be Money, Weight, Meafuce, 
^* Time or Motion. €^r.)' to be divided into i& 
equal parts, each of thofe pins fub-divided into 10 equal 
parts more, and each of thofe into 10 again, &c. ad infini- 
tum. So that hereby the integer is divided into l o, i oo, or » . 
iooo.^cequal parts,which are the Denojninator$ito the De- 
cimal Fradions,& therefore they whether alone or joined to 
whole Numbers are feldom expreft; but ojjly the Numera- 
tors, which arc diftinguimed from the whole numbers by a 
Comma, thus ( ,*) having ajwajs for their Denominators 
an unite with as many-Cyphers annexed to it, as their are 
Decimal places in the Numerators, as in thefe being joyned 
to whole, numbers, vi\. 3,2 : 33175 : 126,6 $2 and fuch 
like, which » are read thus, 3 integers, and 2 tenths, 33 in- 
tegers and 75 hundred parts, vi6 integers , . and 632 
thoufand parts, &a or in thefe being alone, vi\* ,5 : 325-: 
,645, &c. are read thus, 5 tenths, 2$ hundred parts, 64$ 
thoufand parts, &c* hence its apppatcct that, the deno- 
minator - „ • * • 

f ,$ is 10 . . 
of<,2$ is 100 \ ; v 

. / L^4$i^ ioop. 

The like denominators have thofe joynqd to whole numbers-, 

IN Decimal Fra&ions, the value or Denomination of » 
every figure or Cypher de *reafes by^a tenfold proportion, 
from the units place towards the right hand, as the whole 
numbers do increafe towards tlie left hand 3 as in the follow- 
ing Table. 

F d— hun- 



W 66 decimal jaritfcmrttclr. 



3 - 
Q 



*. 



j 2- 



a 



<#» 



O 

*3 _8 • ^ ■ • fc «3 S 



«P 



•s £ i .3 "5 ~ - -o 



*g- a. 3. «s ^ 



. 1 "a §'| ^ a ■§ -a a H •§ 

3 S-c 3 P's: a ° o a G 

ts £ * f •# s is a j5. | I 
■] '. *i i i r i i j i i 

.'*' 5.4 * a , i ,2 3 45 <S 

Therefore Cyphers annexed to a Decimal Fradion altera 
dot his value. "As thus 

9 5po 
,5000 
Each being equal tp 5 tenths of an integer. 
The likej§ to be unrferftopd of all others negieamg the 
cyphers as rafignificawc j but, 

Cyphers prefixed to a Decimal Fraaiori decreafe* its 
value by a tegf bid proportioa : . 

•5 Tenths J 

As thus ^>°* S> is«^* Hundred " ( partsof an in- 

5 Thoufand f t^gtrori. 
5 TenThoufand J 




Mm the denominator 




Ad- 



\rfddition and Suhfira&ion ofEkcimatsm 



\» 



IN Addition or Subftra&ion of Decimals, (whether alone 
or joined to whole numbers) obferve to place every fi- 
gure (as well pf the Decimals as thefotegers) under that of 
the like value or place, that is tens under tens, and hun- 
dreds under hundreds, &u Then, add or fubftrad as in 
integers of one denomination, diftinguifliing from the Sum 
or Remainder, fo many figures for Decimals as are the moft 
Decimal places in any of, the given Numbers. 

Examples in Addition. 

Add 45,2 : 67,3 : 192*7:20,0 : and fax inches toge- 
ther They are tnus placed for Addition, 







Inches. 


■ 




45* 

6%s ' ; 






*9*>7 -•.'-'. 


• 




20,0 




v 


$4,1 


• 


Sum 


/ *- . - * • 


Add 125,3 
together. 


: 45,15 : 

■ 


304*95: *'i2o,o5 ; 409,25 feet 

Ft*. > 


1 




125,5 
4*>*$ 


f 




3°43?5 

120,05 


* ' * 


» 


4#9>36 - "•■.."•■ 


1 


Sum 


1005,72 j . . - r :. 



F 2 Add 



T 

V 6& * S^cimd jatitfjmrtufe. 

Add together x^S-* I ;59>*4 ; 224,08 ; 145,3,; 4*5,02$ 
, and 29,1 2$ degrees. 

Dtgrus. 

-• 135* \ ..■-'. 

::* * ■ '*■<.■ t ' '224,08 ' 
i: ' ' -TJ : 42 $,02 5' ':• 

' :. t ' 29,1*5 

• Sam 1019,27 



1 * # » i » 



• > 



■; fcxarnfks in Subftr action, . . j 

■ * 

From 495,75 feet, Subftrad 358,42$ feet. JTius placed. 

■/«*!*' 
From 495*75 
Sabftraa 358,42$ 



Remains 127,325 



Subftraft 29,73$ degrees* from 43,02$ degrees. 

:-. i . * Atgrus.' 

Prom 43*02$ 
Subftrad 29,73$ . 



Remains 13,287 



■*"•■ 



The propf of Addition and Sitbftra&ion of Decimals, is j 

the lame as of Addition and Subftra&ion of whole numbers - i 

iRTidgarArithmeack* y . 

i * Mrtti- j 



1- - * 



;i 









^Multiplication of Dert&als, 

_TN Multiplication of Decimals (whether tHe* numbers be 
X Decimals alone or mi xt numbers, tbat-» Decimals an- 
nexed to whole-numbers) having placed tfie multiplier un- 
der the Multiplicand, proceed there wiclr in flfrety refpeft as 
Multiplication of whole numbers of que denomination ; di- 
ftin^uifhing from the product on the righto hpod thereof fo 
many figure* for Decimals, as are the m*mbef of Decimal 
places in both the given numbers. - — . ***— 

In Multiplication of Decimals alone (frfcacis when the 
Factors are cacb<lefs then an unit ) thefp^adud thence' 
arifing is always lefs then either of them. ^ , ^ 

Hence k-ofren happensthat after MttktpHctriofHfrfiniflfe 
ed, there arc focfo. many figures in the produd, as there 
are Decimal- ptaccsin both-the Factors.*- Then-m fneticafes 
prefix as many cyphers on the left hand of the product as 

will fopgljf .fhat defccV*>3P<tshi*.d^^^ 
When;pich«f oflc or .borbjojf tte, J"ac>ors^9R gj^€% nuenbef* t 
aire bdow the firft pbtce*»f Detyaiajs. _ ^ , % ^^./-i . ^ 

• ' ! . Examples ifi Multiplication. 

.•:•. .' .it S4>7 ■ .:.!'..• -'.-.r,,! I'..-.'..- 47»5-.:.r...l 



. ! ' • * ■• >• \ > , n ** ' .*• -. . ™</ ^^ " ** • ill 



Ji.il .nr.t 



/ 



\-~ ■ •■ :? ; ■'•." ' :-r r.-n •;>.«:. ^- "ii f bfca:> 



.* T' 



> * r 



*$2%36 



. — ( „ » ■ . , \ / ^— — 



F ? <S,W- 



f. 






.-_*,. -.. *. w- 



V F> 






337* 7* 






■* «« 



*•■*. 



« 



\ <l BS Mft ' jilqJ, ■ )" '■* * -; -' r M 1 " j " ' m ■ ") j » 

£E T-. ' ">Vprf"- IC I »- a * ' i'i.if .^T UO £« » ' .«.: . *' 

two Faftors, the places ^atffcfg jfett|tyl)tt* fey pftfiftifig 
cyphers, according to the foregoing Rale, 

Jtyf*, That when a Decimal Fradtbnor mixt number is 
to be multiplyed by at* Unit with cyphers annexed thereto, 
(as ioi^bty iooo, &c.) it is but removftrgthp rbtnlhi, fo 
many |f&£s Jnrthcr towards the right hatici iiijhe Multipli- 
cand, a^'t^e^e are cyphers annexed to the unit. Thus if 
,7*52 ^tetfc be multiplyed, by 



r ■ - s 



b 1 .£* 



^Tr^ % 't 



The 



fo } OA?*, 

~ioo~ l^Thc produa)7<f,$'2'(The like of all 
Toooo3 C 705* 



1 



jOecimal Ztittynttick. 7*^ 

The Prbofdf Multiplication. ! 

i 

i ' ' 

Multiplication may be proved thns,t^. Firft make a croft, 
then coiled together ajl the fignificant figures in each Factor 
after the manner of Addition, and a* often as itarifes to o 
or more, caft away 9 and carry the .Remainder to the next 
figure, and fo proceed till all the figures are fimfbtd $ Jetting 
'the two laft Remainders* one. on the right, and the other on 
.the left hand fide of the crofs. Multiply thofe remainder 
together, and from their product caft away all the 9% and 
place that Remainder oyer the crofs. laftly cad away all ( 
the 9 s Rafter the fame manner) out of the produft made 
by the two Factors, andjif this Remainder be equal to that 
over the crofs, the operation is crae* 

Exam fit tf the Lift ffecedkfg. 
Faaors $ ,07293' 
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Divijion of Decimals. , 

IN DivlTion of Decimals (whether they be Decimals aJone, 
or mixt numbers) having placed the dividend and dM- 
for, according to that manner of di*ifioa which you moft 
affeft in vulga* Arithmetic^. The operation is in every rc- 
fpeft the fame as in whole numbers, diftinguiflung from the 
quotient towards the right hand, fo many figures for Deri* 
ma!s,-*s that the .number #f Decimal places in the dtvtfbr 
and quotient, may>c ecmal to thofe in the dividend. Or 
(If you pteafc) take tBis Rule equivalent and agreeing with 
tVe former, in d;ftihgui(Km| the true value Qf the quotient 
vi%. F 4 Ob* 



Bferimal • ftrtQuettck. 

bferve under what place of the dividend the unites place 
ie divifor wUI be found. And of the fame place or de- 
linatioftis the firfV figure in the quotient, whether whole 
ibcr or Decimal V - * 

ere note that if neither the dividend nor divifor con- 
of any Decimals, yet if there be a Remainder after the 
(ion is fmifhedj it is neceflary to continue the work by 
wing cyphers to the dividend^ rill you have as many 
es of Decimals in the quotient as you •defire, of as the 
fracyofyour cafe requires: and in this Cafe how many 
liciv as Is annexed to the dividend, fo many Decimal 
es there *iH be in the quotient? ' 
Jfoif the divifor is greater or if itconfift of more Deci- 
places then the dividend, amtex to the dividend acom- 
rnt number of cyphers inftead of Decimals to (tie end 

you may have as many Decimals in the quotient as may 
ccurate enough for your purpofe, regard had to the for* 

Rules, for fight valuing of the quotient. * ( 

'othofethrfc art unacquainted with divifion, Imallre- 
imend the tnetl>od following as tfic moft cfrmroodkiis, 
ards which, (^ecaufe dtvjficp is more difficult then any 
he former fpecies) I flfairgivefach directions as (I pre- 
e) may. render the work inteliigble to any rcaforfaWe 
icity. * 

Examples in Dmjion. 

et it be required, Ta divide 7$6%$34 by 35,5. Firft> 
e the divifor 32,5 on .the left :hand ot the dividend 
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lien fee utirtPfchat : Kgure1n AeMivi^euo*, the laflfiriire ' 
of che divjfbr ivi 11 extend; £ifit,Were bpderly placed ' 
ef the fame j which here is 6+ ' oyer which plice a point; v 
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That done fee how often the divifor ($2 X $) is contained in 
(7 $6) the thretfofwft figures o^.the^ivkkapd, that is how 
of ten 3 in 7. 5 -the anfwer is 2 which placebo ^"ihconorifnt, 
an9 thereby multiply the divifor. in your mind>. jTubtofliag 
the multiple of every figure orderly out of ^hje jdivi^enjfJ oe- 
gihningat 6, thus 2 times 5 is id, o from £ AereVcmajfls 5* 
then 2 times 2 is 4, and 1 I carry is 5, 5 from % I cannot, 
but borrowing 1 froiB4(theiiexx figure) makes the 3, \y y 
then £fr°m 1$ there remains & again/£ times 5 is 6 and 1 1 
carry is 7, then 7 from 7 there re^ nothing : now to this 
remainder (8$) I bring dowp the next figure in the. divi- 
dend which is $, and place it onjbe jright hand thereof for 
a new dividual and the work wjJJjftaji£L$huSj 



("! 



, Then proceed in the work, and .fee how often the divifor 
(92,5) is contained in this new. dividual (86$) ar before. 
1 find 2 times, which place in trict quotient and multiply the 
divifor thereby, and fobftracTrtbcfrddoft orderly-*^ ou go 
from the dividual as before, and fubfetfibe the tcamnkz* toi 
which bri«g,ddwnr the next figure.^ mthcdtvidctmi, and fa 
cominuethe vork ctflalt the figures in tte dividend-be fini^ 
fhed.placing points over every . . - ;: ' "•-- •■ * 

figure thereof as it is brought . \ 
down to prevent miffake; •3ats V73&S34 ( 22.662% 

which done if there be any re- 7 . 85 

mainder you may continue the^ i — : 

divifion, by annexing cyphers — - • » 2I *3 
thereto, till you have as many -•* 2024. 

Decimals in the quotient as gTo~" 

may anfwer your intended ac- 



curacy. In this Cafe there is a ! 9 00 

Remainder and rh* iforkibe- ' *&*m '*?$"■ ', r 
ipg continued by aoncsing two > ■ • : - ;-••> 

cyphers, there will (according to tjje foregoing fcMeVJfc four 
places of Decimals in the qiiotiefic;then the work ftdds thus, 
'' ' Msrt 
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74 JDaiwal #rtt$meficfc. ■ 

* 

More Ex Ample s in Dmfion. I 

Ut it be required to divide 580,34 by 47,5. fa this * 

Example the work is continued, by annexing $ Cyphers to 

the Remaindcr,thereby there arifigg four places of Decimals i 

in the quotient, &c» * J I 
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47>$) $«&>$4 (12,2*7$ 
l0 53 



1034 

■11* it iikia 



84O 



9fS9 
4 4pofteffla1tt. . 

Let be required totHridc 32, ty *i*«- ffcrcthe **i< 
lor « greater then the dividend but 4y wwttbng ton 
cyphers to perform the divifion. Thefle w HI facconirtig t* 
the form* Rules) arifc thrce*DecimaI places inthe qwotieot,* 
and therefore all the figures thereof are Decimals. 

> '■ » ; 
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If fmtWs Exa«pte>:tbe dirifor had been ailimegei*' 
Cw* $r2}ffic quotient would have been .40*2$ and if <isch : 

ftl? 110 ^,^ **** **?" '°° 52 * ««<* *r better ifl*. 
ttration 1 flwIUdd two moitf Examples: 

< * " Divide 



decimal #rit$metfcfc. . 75 



-Divide ,07864V by 2 $■ 



2,5) ^07864 (jOQ^I* 

1*4 



.' *4 

Divide pox 16620 by ,0476. 

3047^ ,00116520 ^0245 






2380 



00 






Nott, T^afwhen any ntimbqr Either Decimal or flrixt) is 
given to.be divided by an unit with cyphers annexed thereto 
fas 10, 100, iooo^^&c.) it « only removing- the eomipa 
in the dividend. So many places farther cowards the left 
haqd, as there aire cyphers annexed to the unit, prefixing 
cyphers to**?' dividend, to fupply the vacant places (if 
ni^d.^j;Tb^s.ir75er2 were tobedivided 

• * J 

^itio.v :•/. j 75bcia. 

By < t iotxii AThequotkfltisC 7^62 YThcMic of 

•j... 1 , /xoooo.f • / »7S°* a A JMhpiV 

rdoooQ;^ . 4*07562 

— f" - -1 . 
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Tie Proof of Divijion. 
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DTvifion may alfo be proved by collecting togethc* all 
the fignificant figure* of the-dividend, : ca fling away 
all the o*s as often as it artfes thereto, (as has been already 
fliown in Multiplication; and place the lad remainder over 
the crofs, likewifc caft away all the o's out of the divifor and 
quotient, fetting thf laft remainder of each, one on the left 
end the other on the right hand fide of the crofs. Then 
multiply thofe two remainders together, adding to their 
product the remainder after division is ended ( if there were 
any) and from that fum cad away all the 9V and if this 
laft remainder be equal to that over the crofs, the operation 



is true. 



Example of the fecond freceeding^whensin 



The dividend is $80334 ' 



Divifor 
C^uotieife f ' 
Remainder 1 



47:5' 

"•406 J 



» v 



.«. Kf 
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But the. mbft certain propf of ;DivifiQrirt I by^Wuit^Ii^at^ , 
on, and Iikewife of muiuplicdtion by divifirin /: .Mr in mul- 
tiplication the produtt being divided by > eftheir 'of 4he F& 
ftors, the quotient is the other. 

Alfo in Divffion, the"tiivifor and quotient mukitdied to- 
gether adding^ thereto ;the remainder afWdiwfon ( if any 
be^ give* Vh^dividenchThtfkitt example bufcoie in^ul- 
tipficariob^s the laft.infiivifioa, and fcriesotanrt^fic thefe 
two laft Rules.* Alfo Divifion may be pcowdby feivifion, 
for if the dividend be divided by she quotient it will quote 
the faft divifor. 

Exa»~ 
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2>«tmal jarirtmwtufc. 77 

\/* Example. 

\ 

,25) ,0*2:5 ?,i3 ,15) ,03*5 (,25 • 

/ 75 6$ v 



* ■ 



" The likealfo holds good in multiplication^ firflonc of 
the Fa&or&be made the multiplier, and then the other. 

, Example. 

>*5 ' *'*•'■•»? 



J /• 



75 <*$ 

25 ,26 



10325 ,0325 



^ednQiorf of Decimals. 

TO Reduce « Vulgar Fraction into a Decimal equivalent 
thereto. « 

This Proportion holds. As the denominator of any Vul- 
gar Fraction, Is to his numerator. So is 1,00, &c. the deno- 
minator of the Decimal Fraction, To his corresponding nu- 
merator required. And the Converfc hereof (erves to Re- 
duce Decimals into Vulgar Fractions. 
j Heqce it is,that if to the numerator of any Vulgar Fra&ion 
you annex as many cyphers as you intend, it* equivalent 
Decimal (hall confift of places, and divide it by its denomi- 
nator the quotient is the Decimal required, which if nothing 
w re- 



78 2tain»l $«t!wrttc** 

remain k precifely equal in value to the Vulgar Fraction pre- 
propofed. But if there b^ a remainder after divifjon yoa 
may (if you pleafej make a nearer approach by annexing 
more cyphers and continuing the work, fo will the Decimal 
be infinitely near equal to the Vulgar (ration given : Re- 
gard had to the former Rules in di virion, for right valuing of 
(or diflinguiftvng the Decimals in) the quotient. / 



Note ,That the aliquot or even parts of an Integer may be 
duced intoDecimals,exactiy equal thereto withouta Remajn- 
der: But the odd parts of an integer cannot^ for there will 
always he a Remainder. However ir you carry ba the Fra- 
ction to four or five places of Decimals, it will be cxa# 
enough in moft Cafes. ■ . 

Examples. ^ 

»"■•■ 

Reduce \ into its equivalent Decimal, and it is ,7 5 thus, 

4) 3>o 67$ 

20 



•J being Reduced is a 2 5 thus, 4 ) i,o ( 3 2 5 



20 



I Reduced H ^25 thus 8) 1,0 (,125 

20 
40 



/ 



i 



% Be- 



pccimal grtipnetfctt. 7$ 

£ B^mg Reduced makes ,4444 &c. nearly equal to #. 

V 

9) 4>° C'4444^* ad infinitum. 



* «. 



40 

1 


1 


40 


. 


40 




Reduce T -| into a dedmal and it is 


3 8i 82 /<?rM has, 


.11) 9P 68182 


* 

1 


• , 20 


V 


90 


/ 



20 

Reduce ? ^ into a Decimal and it is 4011689, and may 
be continued further. ■ ' 

941) n>oo fiontfSp,,. 

1590 



6490 



8440 



912 

Alfo ^tW being Reduced is ,004075 &c. 
Aridljkewife Tn-m beiiig Reduced fc 3 ooo2 1£, /#& 

ft 



So. "SDecM atitymttith. • 

. / 

To Redact the known farts of an Interger (a* Mo- 
ney, Weight, Meafure, Time, Motion^ <£•*.) 

i/tto Dccimab* - 

• , - 

Ffrfl, Reduce the given parts into a Vulgar Fraction whofe 
denominator * the number of thofe known pares con- 
tained in theimeger, and the given parts is the numerator 
thereof \ but if the given pm< be in feveral denominations* 
Redoce them into the leaft menrioned for the numerator, 
whofe corrctpotriing denominator, is the number of the 
fame known parts, continued, in the integer, which done 
Reduce ruch Vulgar Fractions into Decimals, by preceeding 
Rules, continuing the work tor what accuracy you plcafe, for 
the further you proceed the nearer is the approach. 

Example;. 
Reduce $ inches in Decimals of a foot. Firft according 
to the laft preceeding Rule, $ inches being expreft aftc* the 
manner of a Vulgar Frafiiqn is T * of a foot, and the Deci- 
mal corr'efpbnding by Reduction is ^i66 y &fi* ov. ,41667 
jeru Thus, 

20 



80 

80 



8q 

Reduce 7 inches \ into the Decimal of afoot. 

7 : 
4 



7* 



7 1 Reduce into quarters of an Inch is 3 1 



^ 3* 



and . 



decimal #rttljmeticfc 8i 



12 

4 



and i * inches \% 48 quarters of an inch — 

48 
Therefore the Vulgar Fradion is ^ 0(1 foot, which Re- 
duced gives this Decimal, ,<$4$83, e£r. 
, Reduce 1 is. 6 d.injo the decimal of £ poup4 Sterling. • 

' " 11— 5 ., " . ao • 

. n •: , -,- %H 12 • ! 

11 s.<£d.reduc.intod. K ijSpeuce^nd il.reduc. is 240 d, 
therefore the Vulgar Fraction is 5 'H&Jpt ■& of 1 1. whGfe, 
equivalent decimal is ,57$. , * 

itfott, That when a Vulgar Fra&ion is propofed to be Re- 
duced into a Decimal, firftabreviateor reduce the Vulgar 
Fraction into its Icaft terms, by dividing both the numerator 
and denominator thereof, by any number that will evenly 
divide them 9 as •£-£§ both the numerator and denominator 
beiftg divided by 6, #v*s^ '.v. -v. •> v-v < x ] 

If#d. v £ be Reduced ilitd a detirnah ot-tl (Hrling* the 
Vulgar Fradion is 5 -|J or ^J (BetD^ divided by 3,>nd 
its equivalent decimal is ,028 1 2 5. 

Reduce 1 quarter 21 /. jnco Decimals of a C weight, 1 qu. 
ai /. Reduced into pounds is 49, -and the pounds in 1 Cis 
112, the Vulgar Fraction is T 4| or f of a G weight, (be- 
ing divided by) whofe equivalent decimal h 34317s* ? -± 



' »t >'•% 1 ■ 



-Rednoc i6L % (mcts-idtta the decimal.of a C. weight/ 
anltiply? . 16 f 7 1 » ., 112 . Hedce the vulgar 

-u.'r: by ,> v\6 . i£ Fradionis-^l, 

and the deamal> 



*^i 



ptoduaiS2^g<ww«. . •_ i792jjwwcorrefponding is 
: ' - - .%-.. . ,14673,*^. . 

Beduce 42 minutes into decimals of a degree, the vulgar' 
fraffi6n *b 4i and its equifalcnc decimals ,7. 

' - Redutc 2g minutes into the decimals of a degree the 
rnilgwfraftion n i* which gives this decimal 3833, &c. 

Q The 



' ' . " ■•■J 

gi J^eeimat &tittynttiti. 

The lite is to be underftood in Reducing the known parti 
of any other integer, into Decimals, (as the Yard, Pdle, li- 
quid or dry meafurey and ftich like) whereby Tables mfey be 
calculated to Reduce the common known parts of any Inte- 
ger into deenriafs , add the tontferv by intyediBir, as 
are in divers; Authors *\m hdn^(f©r brevity fokt) omit- 
ted, Hwe o«y a Ttible fefving t* convert Sexagmary 
Fractions or minutes into detimkfe'} and the contrary whoTe 
ufe Ming fo eafie that both explanation, and more examples 
are needled; which. Table becaufe it is fubfervient to the 
pteefcfidfe T/eatffi* of Afthtftedcat f rigonotitetfy, h or- 
dered thkt it? may fyfe open' to vkw ft the rtaditfg any fare 
thereof. 






>» * . " * r •" * . ' f ' i 

To JJ^^ce 4 Decimal Frattm into the; Common 
known fart$ A rf 7 at* Integer ; Qtberwife called 

* jrdwem&f- Decimals. - 

,."■■.. -i 7%e&tlekr* 



MUklpfyth* $fi» Decimal (according to the f> recked* 
ine Rules for MultipIication)by the number of known 
parts df 3*e *ftftc J<n*er deabin^rkw ^omain^d iodnftn- 
ffi^ry uMi6 whldi the given decimal hath rtfatibt, tjiejiitaa 
d£ef is the yalttibf the faid decimal in the fame denaiftmati- 
day an* the ftpirated decimals (if any be} are decimals of 
anlmegit bf the ^denomination widi th* mttlcfpBctor* 
the valtfe whetfbf may (in like manner J be found in known 
parts of cl]|^«MefipurU#nofl|ii^on 3 nd Co otocofdmg 
to the leaft knoivq parts qf an ipttger, the whole .nimm 
in the refpc&ive produces mews the value of the decimal pro- 
ppfed mthe fiyeralkaowfl par** ef that intcgjpr t Avhmof 
the given DechiKrf it fame part <?r par ts> as iu the &(low- 



Examples. 
Reduce ,410*47 of a Foot into inches 34*^7 

18 



rf« 



According tothe preceding Rule mul- inch. $| ,00004. 
tiply by 1 2(the inches in a foorjand 
the Anfwer is < inches. 

How many inches and quarters of an >*H$3$ 

Incl^ h 364583 of a Foot ; The Anfwer •< in 

ir$* inches and 2, 



,090 quarters, or 7 in- 



crs. »^*7|>74P9^ 

4 



fterf. *1t999&4 



Reduce ,$7 $ of a pound Sterling into ,57 $ 

Shillings and Pence : The Anfwer hits. 20 

<5d. 



/W& Il|,$OQ 
12 



J^iat is tile vtiueof ,$77083 /. in 
Shlfi^gs^ pence and farthings, &c. 



pence 6\ ,000 



387708* 
90 



Ihi jWfaer is 1 7 s. S d. 1 qo. ,qo£ ,SWf. 17I ,541**6 v 
or 17 s. 6cL tftre* 12 



■9 » 



> *- 



Pence 6\ ,499920 

4, 

Ftfrrt^ 1 1 ,009680 
6 a What* 



84 
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Whats the value of ,028 1 25 L $&l\ng ? 



Atlfwcr 6 d. J 



,028125 
20 

SHU. 9562500 
12 



P«r«6| ,750000 
4 



.Reduce ,4975 of a C. weight into 
(Jtfartfrs and pounds. . 






«( 



Anfwer i quart. 21/. 



* V 




quart. 1 1 



Hqw niaby qi/arters, pounds and ounces 
15^146763 of a C. weight. 



L 21 f 36000, 



,146753 
4 






Anfwr v t5 : /. 6 m. ,999296 or 






^mu ,.587052- J 

4696416 /"' I 
1 1 74104 



I 



\ * *' 



. 16 



2624756 

■ 43745^ 



< V V 

■ / 



0MC- 6 1 ,999296 

How 
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How many minnres is, 7 of 4 degree* ,r ' 

... 60 •: — 



* w 



4nfwcr 45 minutes. 42,0 



Reduce ,3833 of a degree into minutes, ,3833 



Anfwcr 22^98 or 23 mia.pr&pf, _ 22,9980 



? - 




XoDiJhover the value of any 
\cimdT$&0on of a found fierling^, viz. 

HAIf the fflfthber of Shillings being Tenths>£j pound. 
Therefore rh*e figure in the firfV place (vfc the place 
ft of Tens) being doubled gives the number of Shillings, unto 
r which if the figure in the fecond place be $ or above, add 
Z 1 (hilling, then thefigureln the fecond place if lefs then $, 
$ or its excefs if greater being efteemed as fo many Tens, and 
t the figure in the third place as fo many units, and. both ac- 
counted one intire number -which leflened by 1 gives the 
number of farthings which together with the Shillings be- 
fore found, are the value e*f' the Decimal propofed, and the 
remaining figures (If any fie) are the Decimals of a farthing* 
' As in the preceding Example of Reducing ,47 5 of a pound 
Aerling into (hillings andr pence. Thus two times 5 is 10 s. 
unto which add 1 s. (becaufe* the next figure 7 exceeds 5 by 
2,) and it makes 1 1 f hillings, then there remains 25, which 
[ lefs by .1 is 24 the farthings, and 24 farthings is 6 pence .* 
fo that the value is 1 1 s. 6 d. as before found ; — —The 
like is to be underfill of any other Decimal of 3 pound* 




From what hamwBj premifed of Reducing of vulgat 
fractions into Decimals, after the fame manner when any 
jiumber is$fata to be divided* by another (wHethcrthe giv- 

' G $ \ ei| 



V 



8* gtatmal 3tity*utitk. 

en Dmfor be a whole number or vulgar Fr a&on J You 
may find a Decimal multiplicator which (hall eflfeft the fame 
aft the Divifor given 5 1 " 

To find which this Proportion holds, z>/^. . 

As the Divifor given : Is to 1 : : So is 1 : To the multi- 
plicator required, thus if the divifor is greater then an unit 
the mulctpiicator islefs, in the like Geo^nctrkalprcgreffioii 
and the contrary* As if the divifor were 2 then (.according 
to the preceding proportion) the rnultiplicator is J- or ,«j 
(its equivalent Decimal) it being the ume to multiply any 
number by 1 as to divide it by 2 : And hence it fojjj 
|4s t alwiy»aGeonictricfi mem bciweefr the divifor 
muldplkator. 




fwfl Example^ The Divifor being a whole Number. 

Suppofeit were required to divide 900 by 25, the quo- 
tient will be yS% Now to find the mulctplicator, &y 
A As a$ : 1 : : f : T -J the mnltipficator required* it be- 
ing the fame to multiply by j\ as to divide by 2$, and ,64 
the Decimal of -| is the Decimal multiplicator fought. 

. thus 90a 
multiplied by ,04 



the product is 36,00 which was required. 



Sltand Example; The Divifor being 9 vulgar Fraffioif. 

Suppofe it were required to divide 345 by \ (according 
' todivifion in vulgar Fraaions) multiply the dividend 34$ 
by 8 and divide that produft (27<£p) by 5 the tefultis 552 
the quotient required ; or 545 divided by ^25 the decimal 
01 i quotes 5 5 2, but to find the multiplicator it holds. As 
i : 1 ; : i ; I the multiplicator required, and there * 
fc fore 



fore it is the fame to multiply by -f as to divide by ^ and 
j 16 the equivalent mixt decimal of | is the decimal multi- 
plicator fought. Or having the derimal dhafor ,62$ fay ; 
As ,62$ ; 1 : : 1 : i 5 <5 the midtiplkatoras before. 

therefore 34$ 
multiplied by 1,6 



produces $52,0 which was required. 

• . - , 

Hence it is evjdent that the refult of the preceding Rule 
for finding mulriplioators is, That if the gi^en divifor be a 
whole number, make it a denominator of a vulgar fraction 
.and 1 the numerator thereof, which vulgar friction, fhaU 
be a multiplicator (agreeable to the preceding proportion./ 
whofe equivalent Decimal fhaU be a decimal muldplicator, 
and effea the fame as the divifor given ; 

But if the given divifor be a vulgar Fraction (whether 
proper or improper) change the numerator and denomina- 
tor intp each others place, fo fhaU there arife another vulgar 
fraction for «a muldplicator ( correspondent with the pre- 
ceding Analogy) whofe equivalent deritnal flisll i^c the Pc- . 
rimal multiplicator required, 

• * • 

Mm Examplts. 

Let it be required to divide ,1 357^ by 1 2 $, the quotient 
is ,107, themultipHcator<mtermsofa vulgar Fraction, wilt 
be Tl | arid the equivalent decimal of TT | is ,008 the De- 
cimal multiplicator required. 

thus 1357$ 
multiplied by ,008 

the produ&is 107,000 as before, 

4Kb ?tf$3$ divided. by 123 quotes 701^09. Therefore 
multiply 85235 by ,00113 (the decimal of TT ,9 the pror 
dud is 701,0?) &c. G 4 And 



SS ^Decimal #rifl&meticft. 

. And fuppofeit were required to 
divide i8552 by -f. Thequoti- ^f) i8552 
cm is 4<r f" or $8518,7$ fee the .5$ 

work after the manner of vulgar ■ -. ■ 
Fra&ions. '„ 93319 

37324 



8) 4<^$$°C$83i8,75 
,32; 18552 ($8318,7$ 
255 



Or, If i8552 lie divided by ,32 ~— — 
(the equivalent decimal of ^-f) .162 

the quotient is 58318,7$ as be- 



fore. 5o- 



280 



240 ■ 



i5o 
Bat to find the decimal multiplicator, 

Place the numerator and denominator interchangeably, 
the vulgar Fraction thence refulting is *£ whofe equivalent 
decimal is 3,1 2 5. The mixt decimal multiplicator required* 

multiplicand- i8552 
multiplier 3,12$ 



93310 

373H' 
18552 

$59*5' 



T 



The produft is 58318,759 equal the guotient be- 
' ' / (fbrcfoimd. 

If 



If the divifor givcnbeamixt Number Reduce it into aa 
improper (ration, as If 6984 were ta,be divided by i-j the 
divifor being Reduted into "aft improper fraction is f and the 
quotient thereby is a9 °J a or $238 : aifd is?33*e^.(the 
decimal off} is the mixt decimal divifor. likewife the Nu- 
merator and denominator interchangeably placed the fa&jon. 
faking is i the equivalent decimal whereof is ,7$thej)c- 
Cunal molciplicator which was required* 

- • ■ 

multiplicand £984 
multiplicator *,7$ 



34920 
48888 



Theproduft is 5^38,00 equal the quotient before 

(found. 

What hath been already faid concerning finding rouhipli- 
cators inftead of divifors, * Holds good likewife in all fuch 
cafes wherein there are two given numbers or terms etfpref- 
fingafixtreafonor proportion between any twp quantities 
or magnitudes. 

By proportion is underftood the habitude or delation of 
two numbers for quantities of the Tame kind) one to the 
other, and is found by dividing the antecedent or firft tern 
by the confequent or /econd term, and therefore they are 
Expreft inform of a fra&iori •, As if the proportion be of. 
5 to 7: Set thus -J: if of 7 to 5 thus -f 5 . 

The fuiri of what is here intended is ; When there is two 
given terms exprefling the proportion that Ibme known 
Number hath to another unknown or required : place the 
two terms of proportion fractional wife making the Antece- 
dent the Numerator, and Confequent the denominator, that 
vulgar fraction may be accounted as a divifor. But if the 
two terms be interchangeably placed, that is the confequent 
for the numerator, and the antecedent for the denomina- 
tor, that vulgar fraction ferves as a molciplicator, and their 
rufpective Decimals, fliall be a decimal Factor and Divifor, 
Vvftich by either a (ingle multiplication ordivifion (hall effeft 

■ -he 



the feme •, a» by mujuplkauon and dirifion of the *wo ffwcn 
terms. . , • 

Fkfi Exam fie • 

Thejtfoportionof the diameter of aCifde to hs drawn- 

Jeisenaeis, As 113 to $55, or fff and the contrary, the 

ctrqwrfcrmee to its diameter is, As 335 to 115 : or fff. 

TberdPFe having the diameter t6 fiqd the circumference, 

,318; (th* decimal of fff) is a fixt dmfor, add ^141^ 

(the decimal of 4ttJ a fixt multiplicator ; But if the cir? 

cumference is known and the diameter required ; then is 

"3,141* a fixt divifor, and ,3183 4 fixtFaftor : alfo 371416 

is the circumference of a circle whofe Diameter is 1, and 

,$183 the diameter of a circle whofe circumference is 1. Thus 

if the diameter of a circle be 28,25, the circumference will 

be found to be 88,75, **• ' , 

3,1416 . ,3183) 28,250 (88,7$ **> 

*8>2$ . 



« 'l I >■ 



97860 



■WPMI 



157080 

6283a l 23960 

251328 



tt' 



62832 16790 



f 



88,750200 875, #r. 



Likewife of the circumference of a circle be given 88,75 
the diameter (m like manner; will be fouad to be 28,255 

W,7S SiH 1 *) g8 *7*° (**» 2 * 
i?i83 

259180 - 



26625 

71600 78520 

887$ 



' 1 



36625 15^98 

28^49125 



i** 
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Example Second. 

The fquarcof the diameter of a Circle is in proportion to 
the Area (or content; thereof. As 14 it to 1 1. : or -fn *nd 
contrarily the Area is to the (quare of the diameter. As 
x 1 to 14 or 4 J. Therefore having the diameter to find the 
Area by this proportk>n*,The Fador is ,7 8 57 (the decimal of 
-f I) and the divifor is 1,2727, (the decimal of -f^), by 
which the fquare of the diameter being multipjyed or di- 
vided, there will refuk the Area ; but if the Area is given to 
find the diameter by this proportion, then is 1,2727 the 
Fadtor, and ,7857 the divifor, whereby multiplying or di- 
viding the Area will give the fquare of the diameter. 

Note, that tho the proportion pf 1 1 to 14 or 14 to 1 1 be 
pfed by divers Authors,in the two propofirions aforcfaid,yct 
tjiey arc not accounted exaft enough where a queftion re- 
quires precifcoeft.Sothat inftead *f ,7857 ufe,7854, which 
is the Area of a circle whofe diameter is 1 and inftead of 
1,2727 nfe 1,27224. (found by dividing a* unit with cyphers 
by ,7854) which isalfo the fquare of the diameter ot acir* 
clc, whofe Area 1 h Thus the diameter of a circle being 
28,25 the Area or fuperficial content will be 626,7983 
fere. 

The fquare of the diameter 798,0625 
multiplied by >1%M 

■ " " » 

31922500 
39903125 
63845000 

,55^4375 



The Area is 626,79828750 required. 



««M 



Or 



92 jBDetimal #rittimettcfe. 

Or by dividing 793,0625, the (quare of the diameter by 
i 3 27jc4 the fixe divifor : 

1*27324 J 798*0625 (626,791 ftrt the Area. 

~ . 

34»*8$ 



865370 

IOT4250 

»f " ' ■ " ■ - * 

1229920 
. 84004a 



In like manner the Area being given 626,798) fee. The 
fquarcof the diameter will be found 798,0625, by dividing 
the Area by ,78 54. Or which is the fame, by multiplying 
the Area by 1,27324 : and the fquare Root of 798,0625 is 
28,25 f how to extraft the fquare Root (hall be hereafter 
(hewed.) 

Example Third. 

.• ■ * • 
The Cnbe of the diameter of a Globe or Sphere is in pro- 
portion to the folic! ity (or folid content thereof) As '2 lis 
toii.-orfj. 

Therefore knowing the diameter, to find the folidity ' 
thereof Recording to this fixt Proportion. 
The C Faftoris ,5238 the decimal arifing from J~. 
. fixt c Divifor i* 1,9091 the decimal arifing from -ff. 
' Whereby tniiltiply or divide the cube of the given diame- 
ter, and the quotient or product will give the Iplid content 
of the Globe or Sphere required. 

But if the Soljdity be given,to find the Diameter, thenthe 
proportion holds. As 11 to 21, fois the given Solidity of 

the 



•**** 



^Decimal fttxttyntt itfc 9$ 

the Globe, to \ht Cube of its Diameter* So in this Cafe, 
95298 is a fixt Divifor and 1,9091 is a fixt Fador, by. 
which Multiplying or Dividing the given Solidity, the re- 
fult is the Cube of the Spheres Diameter required, bift thefe ' 
Numbers, vi\. 11 to 14 or 14 to 11 being not admitted 
as prccife euough, therefore the Fa&or and Divifor thence 
retaking, is not to be accepted, where great exa&nefsis re- 
quired i (6 that inftead of ,$238. ufe ^226. (the Solidity 
of a Globe whofe Diameter is 1) and inftead of 1,9091, 
cake i,oo98<$ 3 (the Cube of the Diameter of a Globe whofe 
Solidity is 1) fonnd by dividing an Unit with Cyphers by 
55236: thus the Diameter of a Globe being 14, the Solid 
content mil be found to be 1436,7*, &c: 
The Cube of 14 cheDiam. is 2744 . * : 

Multiplied by ,523$ 



u i 




The Solidity is ,.'43&7$84 

Or dividing 2744 ^ c ^^ °* ^ c Pwmeter ty 1£q$8$a 
the fixed Divifor. 

v .h9°9*$$) 2744, 000 (143^75^4 fa* the Solidity. 



1 1 



8341450 



7020300 



12907350 f 

* 11 !■»■■ ' "U i j pi A 

I4482200 

\l ~~ » fl- 

III3215P! 



I582875O 

9 " » ' ■ ■' 



li * * 5490*0 



Likewife 



P4 ^ttitml mmttkk. 

Likewifehad the Solidity of the Globe Men pfdpofed to 
be ui6Mtfr the Cttbeofiw Diameter mill* toirod to 
be 2744 oy dividing tHc foM C0lltcm b ? ><**** or mul " 
tiplyuigby i,9°0*<*\ :: ' 

More Examples of this nature Might be etiumeratcif, but 
Lecaufit thefe things more properly relate td Geometry than 
AdAtnedcki I Wall refer the Reader to fach Airthprs as 
'treat of Mcnfuration arid Gauging, and let thefe (office tq 
(hew the advantage of Decimal Arithmetic* itt trading Mul- 
ttplfcatdrs and Divifors , fo fhaH proceed further to illuftrate, 
the utility of Decimaf Atithtaieqck ift Rales of Plural prd- 

poraoo A fuch where * n thc &* of tinu ,s £ vcfal timc * r ? 
peatcd. And firlt of . ,. ~ 



Aii 'il 



' ' ' 

The Golden-Rule or Rule of Three. 

T*He Rule of Kr« in Decimals may be performed in eve- 
1 ry xefpe& as in ^ntilc Numbers; ot vrtffch fe prcfup- 
im-M Reader hath competent ktto*]e<%e, «r* tafrU 
U^ ha*e before he enter upon Dcchml Atithmeutk; 

Nott, That when any of the three given terms in the 
queftion propofed, confifts of *fa&k>nal parts, or have 
Fraftions joyncd thereto, reduce fuch Traftions or Fraftkn 
ml pare into Decimals, and theft proceed to Operation, 






i ■ v- ' ' T - 1 

w •* -. . 

1 



1 C. /.'frnrfr — C. 

If i J- coft 2 iffcfc^wfcatwill 14 J colt? 

The Fraftionai parts Wt%ft*tfd into Decimals, and the 

Queftion ft*ted 3 ftandrtho^ ' • * '• 

^ (>.. " It 









t.'" 1 " ■ • // ■ ft- 

If hi*/:', r a#i2$ 5 ' ?4>5 



140625 

112500 

• • • • • 



* «■•..- * 



■* . 



I. 
J ?>7* ) Ao,l%t2'{(2 ^joi6 fere 

578 - ..." 20 

551 ftnlL 6>07 20 

■ 12 



« - * «- 



^25 — 

100 * 4 



Here multiply rag the fecond and third Numbers together , 
and dividing that product by the firft, after the manner of 
vulgar Arithmetick. The quotient, is the anfwer, vi\. 

t\: .A. A *• • ' '- - — ft . 

' 23,3036 or 23 66* ooj and fa mtach will 144 cod* 

Alfo in the Operation of thcJLuleeffkret in Decimals,yotr 
may divide the fecond Number by the firft, and multiply 
$p quotient by the third, and tbe frodticl: theitof opfwers 
the qucftion- j er/whiqh will five the, fatf* retiikO J>i*lAt 
the third number By the firft and multiply tfc qpiotietic, by 
the fecond, and by one of thefe two varieties, you may in 
foflie cafes abreviate the work more than by the common 
way; Thus the preceding qucAion wrought apcofdiogfy. 



M$i 



c6 _ SDwimal #rtfj)metifc. 

Firft, By dividing the third number by the fir(l 3 &c. 
ii7$ ' .'a',8125 : : 145*: 

\ • 

V 

i>7$i '45A (8,28571 
' 2,8115 

5 oo — 



. . . 4M2855 

J $00 1^57142 

■ " - r . 828571 

1000 £0*28 $68 

■ • , ■ ' 1657142 



1250 



23,50^559575 /• The produft 
*5 ("the anfwis before. 

adly. By dividing the~ftcond number by the firft, dr. 



\ 



1,7$. 2 3 8l2$ ? (1^07143 

' ; " " ' ■ 1 1415 



10^2 



r~ 



^MM*t ' 



* * » 



/.A 



—6035715 

| 2 • ^428^572 



25O 



•— »- 



•75a. : > ° - ^- ™ 






V t t 

i . i 



*o 



i jJ: 



Thus may any (jueftkaita the Rrittf Wtt%t performed 
feverd ways, the pra&fee thereof J leave -to the Ingenious 
Reader, only add one mwe£*^e. 1 •.'•'•<;' . 1 

If 4 of Cold be worth 13 .14 otf whae'afe 5 
worth, the Fractional parts being turn'd into Decimals, (the 
pound weight being the integer) and die queftion ftated 
Hands thus. If 



jSDftttaBl £tritljmefcick^ &p 



/. 
k 5333333 




r . -38**5 
* 9*>7 5 

•*■*,. I / 

i33535?) 7&#*$7* ^5^75^4. 



^ t 



20 



~ jhuL 15,1280 



- ' " ■ f ■ t ■ I ■ . . 

' — 4 

Aafiffdr ^ 9 oao. of 1 88f Spa ' •- 1 U^««.r 
GofflTOll coil 23$ L r— . -"sr -fgrtk 2,144 
rcs.-T-Jd. V*2a 50 

*>r'^ ■* • — - 









78*91875 

3 

, *3*i75*S5 



3 gg 3 -^.: (the decimal of ^.qr f) 

you may multiply by trot* Factor 3, 

it being, the fame (as hat!* t*c« al- ,. r . 

ttim ftdtotl) to mutettf ty * as to '« *-•' " ' 

''Mcttccife evident tf^c^v Ending of a F«ftorwhc« a » 
tSTtfH*glv&i; «iit)HiWhiW«aFa^i*8«vehj youlha^ 






$«. iMciM.gttttWitfc:. 

/. •'■ A I. 

« >3?S3! *«. : C»!t )jj«M»» •■ ! S.»J 'I 

r at. I W ; 3 






TheTrpduaU 6 JS^fcsa before. 

Or if the Second Number be rHviied by tbe firft rfrf. 
ihe work wBTftaniTthiis ;" . '" " , 






* £JfJto& 



c BccauTe I would ufe a* much bfwity aspoffible n seder 
that other things {of goodnfcj intended for thhvTreatifo 

fv cume irv-ihete two rjijmpics in iIk Rule Gf Three may 
ice, which if weil resjrdcd, die. hweliigent. Reader flay 
iUe to perform tlie like by any other. 
• Itaiaj alio he obfqived, That thefe two laft varkw id 
flw Ryk of Tlwc , tfpecMlly ,thK, where the Dumber 
which is; aftwlly aadi ihe fccond reraij,i> divided by tha 
firft, fcrVes wa'iWMiTary aLlufien io comraft the feveral 
tedious operations m the ttules of Fe(iol*Ihip and Alligation 
•Jrrcrntc. Wherein tlicre are required to nwny fewral pro- 
portion* 



ETtloiis or (brings of the Rule of 3, as there are particular 
oportional parts to be found, all whereof having the fame 
Commom foflor & Divifor »ay therefore.more expeditioufly 
be performed in decimals by the fallowing Ru1e.Pj\. Divide 
the common faftor or that number which is ufually made the 
sd term in the Rule of three, by that which is always made 
thefirft or common DWifot.And multiply that quotient fe- 
verally into the refpeftive third Numbers. The particular 
produfts are 3 the proportional parts or numbers required* * 

But here it will be neeeffafy if you ufc decimals ( which is 
tnoft convenient ) to continue the Divifionfas long as there 
is a Remainder) till you have fix places of decimals in the 
quotient. So (hall, the amount of the (everal parts, (in the 
proof of the workj not want ~l part of an unit of being 
equal to the foDOtutflumbtr or diridend. 



- i • 



JmJ*. 



* » *. " ■ * 

Firfi Example in FettinpJhifmthomTime. 

THree Partners A 6 and C make a Stock of £2$ I. 

TA put in 2 $4*1' Their Gain being 295 1. I De- 

whereof< B- 172 > mand each Mans proportionable 

.,!,-, .vVP '" S 99J part thereof ?> 5 - 
Fitffl^thc Refoluwn hereof according ro the Guftomary 
method is as follows;. 

/ The firft Opcrttitin fof A's pan of The Gain. 



H8o.. 
0o ■ 

mmmmmmmmmmtt 

- » ■' "_ » ft i ■> iz&r, ' 



too fffectmal aritfcmcticfe. 



•* % 



• t • 



^25) 74P5cr : fiip > 89.8is'A*spartofthe < |6atB;' 

» i * • . ' 

1243 



*i «ii 



(hill. 177760 



tfi8o : " ... 12 ; - "' 

* • 1 • 1 • ■ \ — • - - 

— : 4 



i * • - / 



.*• *^ 



*5 00 T, 



< ; 






The Second Operation .fpr &fi part <if rtifc&rin. 
If 625 ' : 29$ : : 172 : 



**w *"N 'v^* 









• « • 

. . .- / . 

■ > 



1 • • 






740 



1 ? 



fhijL$,£8o 






N \ 



$2$0 ^.'8,l6o 

^ ", < ■ ■ "*" "" ^4 

2$00 ■ ' ' " ■ 

m . ftrtfo 64b 



•.>f» 



The 
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The Third Operation for C's part of the Gain, 







I. 



L 


/. 


*>$: • 


: IJ^-V 


199 





*-*-*! 



2^55 
295 

■ ■in i ii ii 



I. \ 

62$) 58705 (93>9*8 15 CYpart of the 

r— 20 fgaku 

2455 



^itf. 18,56*0 
5800- |2 



1750 , rf. 6,720 

: • ■• 4 



509 



forth 2,880 
/• /. s* d» j. 



^O {! r i9»888V flip— 17— 09— 0,48 

rs >Gain is< 81,184 >Orthus,< 81— .03—08— 0,64 
;'s J I 93>9*8j 4. 93— i8~o<5— -2,88 



* 



A" 
K 
C _ 

Sum 205,000 , — . , 23$ — oo*— 00-^0, 00 

'-4 * . ' . 1 — — 

,. Secondly, TJit Rtfolitfion according to the nqw Method, 
is as follows, in which bbferve. That" . 

- . * • ' t 

Id all the preceding Operations (of Statfngs) of the Rqte 
ofThree, 295 1, (rhe gaily is the common faftor,and ofually 

." *• R 3 made 



made the fecond number, and 525 (the whole Stock) is 
always the fifft or common Divifoc . Tbettforc f according 
tp the Rule,) Divide 295 by 62$, &c^ 

* 

f*$) *9$<Q 647* 

"T A a 54 



45 o 

• • i8f». 

1250 236b 

944 



*- ^» 



Alport is/, 119,888 



«MR^ 



>47* 

» 172 

944 

* M°4 

472 



£'* partis £ 81,184 



^47* 
C 199 

■•■MMMHl 
4240 

47* 



, , 

Cs partis/. 93>9?* J 



1 



By this new method it is evident tfot the work is much j 
more compendious then by the former : ?nd the more the 
partners arc, the advantage of this method would be (he j 
more (igoajly cxtfrfpioions, for op$ fmgje Divifipn fcflfath • 
fe the Partners, (or pans tq tie found) never fo many. 



©itimol aritl^mcttct 103 

I Exwqktf Petttbftif without Time. 

.V 




B '* ^421-^—12/ \B — — »42r 3 5 

C 297 — -16L Qr *»■. J c 2 9l£ 

J) -410^1^3 $p Deciniafs aD 410,2$ 

E— < — -?42 4\ . / E— "3 1*** 

F -122- — . BJ " IP* ^122.4 






.**^- 



• ' f JSum 1 944 ; *-iJ6o : £ 1 1 /J Sam 1 944,00 



I demand each mam projiohftw!' part of the Gain. 

The Operations ,bempcr(ot%d.acw^g to^eqflo- 
mary method, e^qmreFfijr wdportiohs or ftatitigs of the 
Ru!fc6fTWee,'beciufe tlkrc are fix partners, which being 
tedious I (hall only eKprcfs tlje faid proporcicms rod flycir 

*cw*s^ti^^ , ; • .?• : . 



. »•< * 



KHtftjtA-saw, 1 :::. 



If ip44 rnts * it*j?£ AirfWfcf iii&&9it : 

' Ot si 7 /. 19 5. 4| d. is A'sjgain. 



4r4. !S A V J 

Secot#& ?or B's gain* 



V" K 



/, ' t... 1. : 1 

1944 i MM i 4*»>$> 4«&W *& 



# J — --»—- \ «r 

H 4 Tl ^ rd ' 

;.". .J 



ffMWtt drtttynittiob 



t ..X 



■ ^ - "5 v 



* * * .. 

; If 1944 j" w« ; *: *97>8. Anfwcr iU5a2< t 

; * * -7 " . tk 1.851 2f.6d.hi0M- 



Fourthly 
/.. I. L 



* - -* 

< ->i v » V.I 



It* 1544 : 1215 : : 4101,2s.,, riufwer jjiSytotfaj , 
'<- "';) Dra54l:j[s;iid.i$D'saift. 



,j pfthiy,; For *T* gain. 



•-* — \ 



; • ■ I. .. U \ l. \<) I 

: V 1944 : 12157 :«342,a. Anfocr '213,87$ 

Or 213 I L 17.SJ* drisE>f|itu 



c/: *.^- 



* Spthly, For F>gam, 



~ ' * T-Ti ..j 



\ ICY944 *, iirj": t i2j,^;^fwcr 77^ a 5 ' 

'•■: V " '/"':/ ...pr 7 H2s;5UisF^gaio, 

4 the Operations being pcrfori^ ; ;f|9q6r*iig, to tfeww, 
method, 1 2 1 $(the common falter and fecond number in all 
the preceding proportions) » the; dividend, and 1944 (the 
firftnumber) is the dMfor. 

.■«,-.• < 

. •< — ~f~ • •„,- ^ ' - * ,6-2$ J 



^7437$ .. 21080 
972© ' » - - " 6^j^r- - - 8432 
209250 2 £296 



A 



* : AVgtf ik is* 2 1 7,9^7 5 Bl 5«3, jobo /. ' 

^.? : - C 297,81. 
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,.• ;, o ^7,B r. \ / * d 410,2$ 1.- 

5^25 >2$ 

14890 ~, 20512$ 

:l ~&i6 ' z K ' * 82050 

17868 "* ?4^i5° 

Cs gain b E86U? 50 f. D*s gain is 2 $64062 j 1. 

.. . .-• , - * .. . 

>E 342,2/. ' F 123,4 1 

^25 ... . ,<52$ 



- i*;iio . £170 

•6*844 '• , '24^* 

20532 7494 



■•IMaMMMM 



E*s gain is 213,8750 1. F's gain is 77*1250 1. 

» *x • » x 

'' ' . : /. 
A*s gain is— 217,96875 

B*s 263,5 

C V ' ■ ■ ■■■ *"; ! '46*1 2 5 
D'» <» T$6t\o62 5 
E' S ' » ■ * ■ " 273^87 5 
Fs ■ > 7^,125 



1 • -%n 




•Sam 1215,00000 Sum 1211-— 00 —-00 



X 



•*• 



Thefe two Examples in the Rule: of Fellowfhip without' 
time. (J prefume) are fufficient as well co illuftrate this 
fpcedy method in Depiaiak,. a* atfo, {ifwell obferved.) The 
Reader may be thereby capable co Refolve any other of this 
nature by the fame new method, as.in jhe cafe of Bankrupts 
compounding with their Creditors and the like. . 



" I «*i 



jew? . mmm mtmtit*: 

The Thir4 Example v in the RkkefFeWmflrip vrith 

SlfTK, 

' * * I 

THrce jflerchants A, B and C enter into Partnerfhip, 

s 

A \iA\A $4hfc* 8 months They gained 909 J. what 

B « . • - - j s cac h jjjji^ p art there- 

of? - .' 



B-^ — 8$- 12- 

C - u'. '49— -— 4*- 



KthcBukof FcHowfhip with Time, multiply each mans 
particular Stock and Time together, wA fhe total of thofe 
prodi^te is the firft number ( or tcrmO in the Rule of 
Three, the Several produces are the refpq&rc third aum* 
bets* and the whole lofs or gain the fcconcL 

A's Stock is 54 1. , B's Stock is 8 $ I. 

bis Time is 8mqA* ; his Time is i2mon. 

. ' produft 439 * produft 1020 



• h f i. * 



C& Stock is 49 L ' . A's prod* 43* 

his Time is 4 > ffi ioao 



* w < 



.produft iptf . ; 



C6-— 196 

Sum 1648 



In the Refolution according to the cuftomary method the 

ftvcral proportion**!^ a> follows, vify 

, 1 < 
t ..... 

Firft, For A's gain. 
Jf 1648 : 309 1. ; ; 435. Anffttr8i 1. A^giifc 



■ ■ 1 ■ 1 



Secondly. For 3*«gria« 

If 1648 ; 209 1. : : 1020. Anfwer 191,25 1, m 
* ' * * Or, 191 1 60s., 6 d. B'sgaiju 

Tlyr<ity> For Cs gaua. 
• • ' Or, 36 1. 1 $ s. C s gain. 

* ' ^— 

In the Rtfolation according to the new method. The 
Operations arc fin brief) as follows, %i* 

i6 4 S) 309,1 ( 3 i8 7? .^ ^ . 

A 432 B 1020 



mr 



14420 



'to. 



5*3$ l8 **o 



8240 750° 



**■ 



.. , ■■• B's is 191,2500!, 
A*s gam is 81,000 1 *-*-?•■ 



The Proof. 

1. L s. L 

!8i-bo-oo 
191-05-00 
56-15-00 

112 $o . ' 

16875 . Sum 309300 Or, 300-00-00 

187$ *" • ' ■ "■ ' . ' ' '* ■ j . - i 



,187$ A'sgain j$8i,oo 
C 196 Bs I9M5 

— Cs ^36,75 



>*•" 



Cs is 36,7500!. 



• Tht 



to8 ... J^ctmai #rtt|tmticfc - 

Tie F<w*/> Example is in the Rnk ofFettbprJhip with 
Time. 



s 



IX Merchants A, B, C, D, E and F Company, w>> 

, /. S» d, * ~ 

A laid in 52*— ^14 — oo^ f 6\ 
B — - — — 74 — 1-5 — —00/ . \ 7 J 

C — r 83- — uo^_^. 00 l*(br J 8j\moochs. 

' D ul; — - 58-^-11 — 7-00? Y^i 

E' — ■ ■ > — 112 — ^i$r— 00 V y 4J 

. >; / F' — ~ — j-—. $ft' ■■ iS 1 ■ '00#» Vi ^7 

'# r " • 

They gained (Tby the whole). 2 89 1. 14 s. tfd, Qure 
each mans part of the gain according to ht$ Stock ^nd Time* 

The (evcral Stocks and Time being mufciplicd together, 
therefpeanveproduasareasfol)ows, vix. > j 

v A^ Stock 52,7 V B*s Stock 74>7$I- 

- Time 6# Time 7*25 

* " • •: *tf3$ S7S75 

5I»6a • • :* i 1495° 



produft 342,5$ 

mi 1 pi iniil 

\ 

1 ■ 



prodna 541,9375 



. C> #ock * ,83,1 5'LJ.. ... .' D\ Stock 58,55!. 

-.Time . * . 8*5.- » Time .12,5 



•*-* 



; 41575, 
. 66520 , 

produft 706,775 




produft 73^75 
E's Stock 






lacrimal ari^mrtitfc. 109 

E's Stock ,112,7$ I. Fs Stock 59,9 L 

Tnae- 4>75 • '• --.- " T "^ -■ ■-' & 

7 5«5?75 prodna 419,5 



• • \ 



45IOO 

4>rodvia S3* 5**5 



l r '...»;- r 



* S t 



».' * 



A** product 542,55.. 

.!rr>:' •: .EV**^ — —54^9375' 

..-..- . CrU-i-i — 7°^77V 

D's— - -731,875- 

, Kf — 1 535>5*2$ 

Fl 419^'*" 



<• 1 



« . t . . . »- 



?? 



<> V 



Sum 3278,0000 



> fcr.theRefolimon according to the cuftpoacy mcthod > 
the £arcr4l:proportionB are as follows, vi\, 

< • '■ 

Firft, For A's gain. «■ ; 

If 3*48': id&gMfl: : : 342*55- Aiiflter 218,37 #*$'• 
J ^~ 4 - -7 -> Or 218 L 7 s. rf d.0,6 f. A*s gain. 



- ** 



*-? 



* Secondly, For B*s gain. 






If 327^ : 2089,7251. : : 54 1,937*^^.345,48 51562 5/. 
,v , ' . ". Or 345 1. 9 s. 8 '^4,7$ f. 8>gain. 



-*. V 



> Thirdly, For Cs gam*-. 

!*$*?$': 208*7*5^ : : 'j°6jm< titifrtt 4fQ,5^<afe^;fi 
• - Or 450 1. 1 r*. 4th 2*5 irCs gain. ;, 

•t\ia . Fourthly, 



^^ 



IJ<J 



£>etirtui flrfffittwtitfc 



Fourthly, Fot D*S grai. , 

ff 5278-! 2089^725!* 7$i£7* Anfw4^< t 57oji25A 

Or 466 L 11 9.4 d. 3,$f. D*s gain. 

Fifthly, For E*s gate. 

If 3278 : 2089,72$ !.$35,$5a$.An(w.34i42top375 A 

Or 341 1. 8 s, 5 cUoja^ E*s gain* 

' Sixthly, For Fs gain* 

If 3278 : 2089,7251* ' 419,3* Aafor. fl57,3o^75J* 

Or 2671.6$. od. 3,6 f. Fsgain. 

Io the Refolution by the. new method, ffje operations 

are, w v . ' -•-... 



• • • 



2378) 2089,72$ C$375 

12292 
t in < >* 

16390 ....• . 



A'Sproduft 342,$$ 

^37$ 



' * • 



•i 



17*27$ 

10276$ 
20$ $30 



A's,g?ini_s 2 18,37 $62*. 



.•>-< tf 



fe'sproduft $4i,0$7$ 

><*37* 



> » 



' * '2709687V : "- 

1625812$ 

32 $162$^' n ^ 






: C^produft 7°^77$ 

»*37* 



■ «• -* • 



->\ 



4>474 2 $ 
212032$ 

42406)0 
— . ■ *% 



• J Try * 

Fspro 



SWtimal jarittwwtitfe. • m 

mvtoi*k fit fin ' • fc***** 1 ^ «s>**»5 

,6m " '**?* 



t * i i u 



i«.>-*«U 






•~. j" « • 



,.512312* • - *■,, 374*W* 

•. ,4fpia$0' . . - $215*75° 



1. 



|3> gamjs 46^27031 2$ I. «••#• gain » 34M a ^ c> ^ 57 * 1 



"l I . . . T ^ • . •'" ' 



«nw»Wi 



'' F«produa4i9,3 

0* , % — 



c 



J- ^ 



1 



20^5 
29551 



■< 1 



"579 
25158 

- • <Fs gain » ' atf 7,3© 3 ? 5 1. 

- The frotf. 

. ., , .U£. ^ ^ »v ^ 

A's gam is < ■— % 1 8 07 

B'$ ._-* — .345^-^09 

D*s ** '-«—-* 466 11 

£*$— — — — — 341 08 



^ 




Sum 2089^—14— — od'^-P^o 

1 I' 11 ' 



W 



< l"'?' 



tbl 



<£JHB9 



The Bftk Exanrple is in Afyg«tim Alternate. 

A Grocer hath four forts of Sugar, vi^r of 12 d. per I. 
of 10 d. per 1. of 6 d. per I. and of 4 d. per JL of* 
which lie Would make a Compofitioft of 2*^ 4. worth 9 d. 
per V 'I I demand how much he rauft take or each fort ? 

I (hall here ffor brevity fake) omit th£ dfoers ways qf 
linking the feverai Rates or Prices of the Simples tiropoimdV 
ed, reletting to other Abhors that ti;eaV of Alligation at " 
targe, oftly fhew the expeditious performance thereof by the 
general Rule preceding. 



The prices here bribf^QpofecT 
of and linked ?s in the "M argent 9 d 
the fum of the feverai difitjences 
is 12. \ \ e 

V • ? Z I 



differ. 




Sum 12 



The Refolution hereof a$*gdjh£ to the cbftomary method 
requires four proportions, ^6r the Rule of Three four times 
repeated; there being four quantities required, which pro- 
portions and operations ajr<e ^folloqp, vw* 

. Firft^ For the quantity of Sugar of 1 2 d. per. I. 

".v. .- ■ . - — £■■*- — r'* -'• ' — * *y ^ V* v 

As 12 *.v^7 r ;..^ r -Anfwcr 9Jk7$jaL$iU.,. , > 



,-»;.-* 



I2)^U55 &8,7*o-~ - ; ; - — — •;* i 

•" ' *••» ' «• •• " " "*" »»— _,,, mr , - . *•* 

90 ,« * " ' 

to , Secondly, 



decimal 3rf$tiieti€& 1 13 

, Secondly, Fqr .tfie quantity of ia<I+per K T 

/. L L 

Af I2*t 237 ; : 3. Anfwer 59,^5 Ldr $9^ 



12) 711 (59,25 



<. y 



III 



30 



< .-* 



*> 



« 1 • 1 « 



*-.»! 



Thirdly, For the quantity at 6 d. per L 

As 12 ? 237 : : I. Anfwer i9,7$or 19JI- 

1 ... — . 



ia) 


237 ( 19,75 




. ,;' 






-__ 




Hi' • •" 


4 


♦ 




WW 


1 r 


4 ' 


pO V 


jt-;^ 


: 1 ;. 


'*. *■ 


• 
> I * 


• 



* * 



fourthly, For tftejiuantity at 4ft^ir'l. ; , "' 

.Jiii — ■ & £< --^ - ~ /* 

As^:^-237 ; ^ ..3^ Anfwcr 59,2^or-59-|jL 

iR^htfltfoJUtkm hereof by the new method Hhe Ope- 
ra t i ons ar e expe^hionfly performed as follows. 237 (the 
fecond number in the preceding proportions) being the di- 
niwdj-wi 12 (the fifltaunrirtr) thtMsfifm, I -/■ 

# • 

1 . «; 






l*j fc&'tikVs At«d»p«rL 19,7* 

.„, W,-,^ -.-,-- t ' f ,^b«d 98,7 5 *• 

• » * * ■ - 1- 

11 1 1 



^O 



At i o d. per 1. i$,7 5 At **>P«ri «*7 5 



3 



1 



required 59,2 5 /. wquired 1 9,7 5 L 

Ac 4 d. per !. 19,7^ 



• \ . * r t 



required 59,25/ 



« 



t' 



The Proof by Alligation Medfati\ 

To make up cbis mixture chere is requircd-by the pre- 
ceding wprk. . :~y 

98,75 Lac ladder I, And at izd.|^ 1.94,75 Lfcu$5,od. 
59,25— io ' , ■— — 10- 59,2^ — 592,5 

19>7J tf- — 6 * l M* """ u ^* 

59a a 4' L ^r4 < a "^ ' " ' '■ ' 4 ". ' " ?9i*S '—^ ^Ifr* * 



J • V ' ■ 

\ - ' • '»< . _■- . »:•' :nb r . 

Alfo 237 Lacd^wcLCtteowan^oe) isaif^ptta: 
Q.E.F. 

Tbt 



The Sixth Example is in jmgdtionj$tern*tt. 

SUppofe it were required to make a mix tuit of i < <i Gal- 
lons of Wine, v*. Of Canary atrfs.and < s. 2 A per 

Of White- Wine* at g s., and at as.od.per Llloo. 
Xn fuch fort that this Aixtiitemay be wtofth 4 *. <5 r d. t*r *al 
Hutre, How much of each fort of Wine ought to be taken 
cofetftffettecoildiiSotfoftMsqdeffioii. 



!$+2! 

9 

18 . 

18 



39 
»*. 

9 

9 
it 

18 



d. 

The re veral given prices ^72 

of the refpedire tWtsof \6* 

*mt jtopotiftded befog d. J4ITI 

here dffpofed and fifeked y^J/TJ 

as in the Margent, the fiim / y& 

of all their differ.(from the C | 2i 
mean price given; h fo8, ■ 

the Sum 108 

ThtfRefolfarion hereof by the Cuftomary methodfthere 
b«^r ^.nooes fought; will require Six proportion., 

• ' ' • i 

Flift For tfie quantity of Canary at 6 s. or 72 d. per gaL 
As 108: 155,25; : 39. Anfwer <5,o<j25gaI. 
Secondly, For the qtwntiryof Canary at S$ 4 gallon. ► 
M I°* • i5S>25 i i ■ 1$. Anfwer 2 i^tfaj gallons. 
Wrdly.fijr the quantity of Maliigo, at 4 s. or 4 8d. per gal. 
As 108 : ijj,as : ; 9 . Anfwec 13,037 $ gallons. 

1 2 Fourth- 



f 



iitf ' Mind - jftpfewtick/ 

e • » * 

< Fourthly f or *h*qu wicjiQ^Uig^ac 45 d. per fcaiign. 

.As'ioS ; 155^5 : : p. Aqfwer 12,9375 g^on*.- f , 
* • • ' > \ 

Fifthly, For the q&aiitity of White-\ylne at- 3 s. or 3S d!gal. 

'''As.loS M^iV-; 18, . A^fvycr 25^75 g&oos*U , 

♦ • z t. ^ ■ ■ * ■. 

Sixthly, For ttie quantity ofWh)^Wine«c gi4.,per^U. 

• As ie8 : 15^25 : ; 18. Anfwer 25,87$ gallons. 

V . if. 

Tn'the' Refolution according tojtncJpcw method a 5^2$ 
(brifcgthe fecojdd dumber and a common Fa#or u>j11 dte 
preceding oropqrtjons ) is the, dividend, and fog ui?$p~: 



nfor. 



I'- 4 - 



• ^ 



1 '• ■ . .. , 

io8). 155,2$ (M375 ,V*7* A M37S 

r. — -: N per gallon 39 

472 r 



— k 



495 ..*'*-.- - v -Vr,, t < -43W-r 



«, > 






810 required 56 062 5 gal. 



$#>" 






* < 






f* 



. At 63 d.' 1,4375 • V At 4 *d. 1,437$ v 
j$tx gallon 1$ . . per gallon. . 9 , 



■afpA«nifcMrflM0^U< 



• A 



f- 71875 required 12,9375 gull. . 

— m " * 

At 



decimal arimmetui- 




117 



/fAlCo at 4s d. per gal. required 
". >9 37 5 gallons the' Factors 
being the Tame, as for the 
quantity of 48 d. per gall. 



likewife having the fame Fa- 
ctors for the quantity of %%&. 
(as for that of 3 S d, per gal- 
ton y there is required 
= 5>875g»"- 

Hejfce it app^Oythe preceding work) there isre- 
quirtfi to.raakk up rfieSflkcure propounded ofcach quantity 
ajfp»wi, asby-proofiseV^*- 



itf,Q^5 



Stf,oife5 gall, of 7xd. pergal 

91,5,13) ofiSa, 

i'>P375-t— of 48 

i'2j9375 -of4S- 

25»875- of 36; 



to 4035,5. ,,d. 
58^375 



35.875-: 



rf ^r— 



',5Si3 5oofial-«54Perga).(ineanratcfiigeT,%A^ ;jr ..--. 




The fame method'aed operit 
ways of linking or couplings - - 
by the quantities required 
on admits of divers Alligai 
mixture thereby produced 

It may alfo be obferved that what hatL,.-_ 
ed by Decimals in thofe Rules of plural propl 
The fame may likewife be effeflcd by v 
but then yon will be neceflirated often « 
ons, whofe c 



pens (as fometimes it may) as' that number which is a com- 
mon Faftor andufually the ftcond term in the coftomary 
method, may be evenly divided by the firft, there is no 
need of Decimals there being no fradions in the operation ; 
as in this and fi^ch like Examples, v«(. 

Let it be required to make a mixture of 120 gallons of 
thefe four forts of Wine, That is of Canary at 60 d. per gal. 
Of Malago at 54 d. Of Rhenifli at 40 d. And of White* 
Wine at 94 d. per gallon, fo as that the faid Competition 
may bear the price of 48 d. per gallon. 

d. 1 '• dm. 
40) I20 (3 d C^°"^\ J H 

8 

6 

il 



120 (the common fa&or or 




the fecond term in the cufto- , Sum 40 

mary method). is haevhe df?i- ■ '- 

dend, ^40 (thefirft term; is theDmfor, and $ is the 
quotient without a fra&ion, and the work is as follows. 

* 
Of Canary 14 OfMallago ' 8 

3 3 



required 42 gall. required 24 gallons 

Of Rhepifli 6 ' . OfWb'nc-Wine w . 



* 

rf 



3. 3 



requires if gall. required 56 gal. 

gall. d. d. 
I Canary 43x60 « 2520 
^Afaflago 24x54=* 1296 
Prorf ^Rhcnifh 18x40= 720 
CW.Win. 36x34= 1224 



Sum 120x48 *s= 5760 . 



But 




Bat if that number which is the common fafior and ufual- 
ly the fccond term cannot be evenly divided by the&rft* 
Then yon muft ufe either Decimals or Vulgar fractions as h 
the following example being performed by vulgar fraffions* 
*Mfc • * , • «•■»•• ,\ . . , . 

Ibave4oBufhclsofWheatat6od.perbu(W to mix with 
a meaner fort of Wheat at <% d. per buAd, and with one 
fort of Rye, at 39 d. per bufhel, and wfrfr4pacber tort of Rye 
at 3 3 d. per bufhel. I demand how many buftels of thefe 
other forts (hall I commix with my 40 bufheb of Wheat, to 
the end that the (aid mixture may be wofth-424. per buffed. 

This queftion is of that part C^ Q ""^\ 9 

Of Alligation calle4 fby Arith- &*J$2**\ \ ^ 5 

meticiansj Alternation ftaroal, 4* }W*-* y f "' *° 

thole preceding of Alternation (33 ^ 18 

TotaU 



pmm 



4* 



By this Alligation it appears that if 9 boftefe of Wheat, 
at 60 d. per bufhel, and 3 bufhels of <wheat» at $2 oYper 
bnfhel, be mixed with 10 bufhels of Rye, at 39 d. and 18 
bufhels of Rye, at 33 d. per bufliel. This mixture may be 
afforded at 42 d. per bufhel, and juftly countervail die 
prices of the fevcnl forts of grain to bemxtd : but it » re- 
quired ro mi* 40 buflieis of. Wheat, *r 6* d« pcrb*lHrf» 
whh a certain quantity of. each of the other Sam of prill 
preinfcd, toimd which by theatAtatfry method, die prp- 
portiora and work is as follows, vi\* 

» 

Rrft, For the quantity of Wheat required at $2 d. per bufk. 
As 9 W : 40" W : ; 3 W if gat. xp. or i*J teAch. 



•*• 



*) 120 0*1. 

3 I 4 v Secondly, 



Qtifymtkk. 



f* «• t ■ 



idly, For the Quantity of Rye at 3^ % per baflid, fiy 



• • • w . . t » J 



W : 40 W • : 10 R : fdck *£* or ^bvShtiL 

f fy • . -»» . t ^ •,«..• ^k -, ■ . . - -, 



< I 1 i n i rfl l.'' ' * . . -. - -'"» 









40 






■ f f' ■•! ' ....... 

Jty, Fottht quantity of Rye? at 53 d. per bufhel.lt hokjs 

L- B. R 

» W ; 40 W : : 18 R : /*fe Jjjs or Sobufbels. 

' 18 



* « ■ » ■> ■ 



• • » 



CO 

' • '»■'•■* . • ' - .. ..■».■', 

nice by the preceding opcratioes, if. with 40 bofhefc of 
at at 60 d.ptr blithely you mingle i^j-bufbclsof the 
grain at 52 d< per bufhel, 44$ bufhds of Rye at 39 d. 
nifhel, and. 89 Whelsatgg d; perrbuBiel, that mixture 
bear the mean price propofed, vix. 42 d. per bjifliei, 
h anfwersthc condition of the queftion as by proof is 

■ \ « ■ . . 

\ ; * ; 

<a 40 biifbels at do diper bufhel -. :is. 2400.4. 

^origl- $2 -' — r — £^ or 69i\ 

Aor44|— 39 — "— — J^^or 1732/f 

ind fo ' " 33 { " ' ' " "*-2640 

im 177I— * 42 d.per bufh. (mean price^tftff 

In 



decimal Ztitymititt m 



<• ■ Ittt -ij K. 



Ift.the Refrilution of the hftjoncftion according to the 
iicw method,' 40 f the common faobr in the preceding, pro- 
portions} is the dividend and 9 the dWifor, and the opera- 
**i©nareas foIIawsL bk. 

-9) 40 (4? oy/£§ is the common Faftor. TKerefore 
^I'multipl by 3, gives i§^ or 13I the quant.0fWb.3t 52 d. 

:?£ __^ jd'^-^ — 5|<? or 44^ the quant, of Ryejt:^ 

^o 18— jio qt g c ^ q ua nt. of Rye at 35 

Here the fame quantities of &ch fort of grain are produ- 
ced as before. And in Decimals the operations are as fol- 
lows, Vi% • - * . 

.9) 4° f4>4444Hj & c * is the qao dent and coram, faftor. 

40 * 



40, &c. 
Mr*, that 40 is the quant, of Wheat at 60 d. per bulk 

jittf 4444444 x 3 =*= 1 3,533333 **• buft - 52 

* afTo 4444444X 10 «= 44,444444, &c. 39 

and 4,4444.; 4x18 «■ 19>999999j &c. 33 , 

quant.inthemixture is 177,777776 buOiels as before found 
\ equal to 1 77-J frape. 

Thus much for Alligation Alternate which if weUpraftf- 
fed and underftood is fufficient to enable the Reader for the 
► Solution of any queftjon pertaining to the faid Rule, by this 
new method, as mixing of the mettals, Competition of me. 
dicines, and the like •, for which fee Sir Jonas Mw£% ArhrK 
metick , Ktrfty upon VYingAt?*, Arithm^tick, and divers 
others. 

V 

The Reader may . al(o OSferve, That this compendious 
method for working the Rules of Fellowlhip and Alligation 

■ Alter- 



Alternate, is not (to my knowlcdg) to be met within mnj 
Authottr, but in Mt. Aim Msrmiotfs Appendix to hi s 
Surrcytng* he being the fir ft Publifhcr thereof that I have 
hitherto fctn. And I lure the richer chofen to make this 
neceflary digreflloo, as well to accommodate Decimals so 
life in federal Arithmetical operations, as alio thereby die 
better to fcrifitace the work of the epfuins pare of this 
Treatife to the under/landing of the rrteineft capacity, Co 
flttHcoodadc Decimal Arithmetjck and proceed to the Ex- 
craftibn of the fiparc Root, 



Tk 



■»■ 



I2J 



fbeExtraSm of the Square 

ROOT. 

i 

i. npO Exeraactie Square-roocof a gjvcn number, is t6 
I find fuch si number, which being multiplied by 
forincolh fdf prodtwmhegtfren number, therefore, 

a- A Square number is fuch * pumber , whole w* 
maybecxaaiyhad; a* betag produced by the nmktpne*- 
tion of any number into it fdf, and therefore ts,a Jways cam- 
isenfurabletoits reor. Thus 25 is a Square number pro- 
duced by the muMnlication of < by j (which u u*™" 
Squaring of a number) where obferte that * is cajKtf tne 
rootW fide and a$ the Square. 

3. Square numbers are cither Single or Compound. 

4. Single fquare numbers are fuch as are produced by tne 
mulctpHcatbn of any one Singte figure inw "ft*** * 
therefore every fingje fquair* number is always m ™*»* 
loo (which is the fquare of 10.) So 2$ is a fmgle q**** 
number produced of 5mukiplied into it felf,and ti n a fftgl* 
fquare number produced by multiplying 9 into it fcjf, e>*. 

$. All fingle iquare numbers with their rcfpe&ive root* 
or fides, are cxpreft in the following Table* 



Roots or fides 1 1 I 2 1 2 I 4, I * 1<* I 7 \ * I 9 



Square nnmb.| 1 1 4 I 9l '*> «5 1 3<* 149 1<*4) 8 » 



£. When the root of anv number lefs then 100 is requi- 
red, which is not one of the fmgle tquures cxpreft in this 
Table 5 you arc to take for his root, the root of that fingle 
fquare number in the Table, which being the next lefs 
yetebmes ncareft to the given number. Thus if the root 
of 18 is required, thegreateft fquare in 18 is i5, andcon- 
u ( v fcquently 
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fequently 4 is the neareft Square root of 18, that can H 
had in whole numbers, (and now to find the fractional p; 
to he annexed taxhWci&t fhaU / be>ierea&er (hown) the n 
is to be underftood of any fctheV number left tnen 100, 
cxpreft in the Table. '' v ,; . ; 

7. Compound Square numbers, arefuch as are prodacrd 
by the multiplication of any numbers confifting of more 
places then one, into (or by) themfelves and. are never lefs 
*ben ioo(which isthekaft compound fqnare number.^ 
Thus 635 is a compound $quajre number) produced bV^he 
Squaring of 25. and here,. 2 5 is the (ideorroot, and 625 
the fquare thereof* So any number greater then being 
fqqared (or multiplied- into k fclf) produces a compound 
fquare number. , . > ■ 

. 8. The Ro6t of any number under 100 may; be eafily dif- 
covered at fight, by ihe Tabic of Angle Squaresaccording to 
the preceding dire&ions, but to Extra&rhc root of a com- 
pound Square number confiding of Integers, obfcrve the 

following £receptv ^ 

■ * ■ . ■ .. . » 

Firft Poinuhe given bumber, vi\. place a point over the 
firft figure, towards the right band, and omitting every othe f 
figure, place another over the gd. 5th. and 7th! and footi 
according to the number of places, the figures thardiftin- 
guilhcdarc called points, and .as many points as areurthe 
number propounded for Excraftion, of fo many, figures con- 
fifts the root foughr, it the number be rational or an exaft 
compound Square. 

• Secondly, Draw a crooked line on the right hand of the 
number propofed {after the manner of dmiion) for a quoti- 
ent wherein to place the root. 

Thirdly, Seejc the greaccft Square in the firft point to- 
wards the left hand(by the Tabic of fmgle Squares.; place 
. the root in the quotient and fubftraft the faid fquare from 
fhe firft point, iubfcYibing the remainder underneath the 
firft poinr. 

Fourthly, To this Remainder bring down rfie next point 
placing it on the right himd thereof, which call the Re- 

Fifth- 
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Fifthly, Double the quotient (cor root qf thcfirftpoiijtj 

and place it on the left hand of the refolvcnd, diftingutfhing. 

it therefrom* by a crooked line thus,)* which call 1 the Di^ 

vifoir. " \ V / " ' ; " • *' • ' : 

Sixthly, Seek how often this'dirifor (or double quotient) 

is contained in all the figures of the Refokend except the' 

laft towards the right hand, '(after the manner ofdivtikmj 

place the anfwer in the quotient, and alfoon the right hand 

of the Divifor. 

Seventhly, Multiply the Divifor with the figure lad add- 
ed by the figure lafted placed in the quotient, and fubmraft 
that product from the Refolvcnd r fubferibing the Re- 
mainder* . .;«'..'. •>'••'"» 
Eighthly, To this Remainder bring down the »±xt point 
for anew Refolvend^ and proceed therewith as with, the 
firft Refolvend, repeating the work t>f the 5th. 6dt. and 
7th. Rules for precepts) foregoiBg and continuing fo to do* 
until the Excra&ion be fjoifhed* : •>• 



* » 



The firfi Example. 



/ 



, tet it be required to Extratt the Square- rqot of 62$ the 
rodt whereof will be found to be 25 as by jhe foJlowingL 
Operation; \ « "" '.■ ; % ;' , • .^ '; ," \ "** 



■ ..* • * * 



• •, 



* • 1*Tr(fc The tiumWr being prepared by punfladon , 
(actbrding to th<? fir ft precept) ftandsthuS, which 625 
confitling of two points,* implyes the root fought 
to confift of two figures or places. ^ 
-^Secondly, Drawing a crooked fine on the right 
hand of the given number fof a quotient, behind 62$' C 
• which tp place the rqor,then the work will (land thus. 

Thirdly, The gr^atcrf Square in the firft ♦ . 

point, 6 i$4,'"whbic?r66Ms 2, wKcrtwkh 62$ (1 

proceed (according to the 3d. precept) and 4 

the work ftandvthus. • • > • ; >—■ " 

Remain. 2 

A 

Fourth- 



tig 2£}e tetftmim a $e ftpRrsttotf. 

r 

I 

Fourthly, To the remainder a 
firing^ dowatr* next point 25, • . 

awf proceeding therewith accord- 62$ (2$ 

tag to the 5th. <5th, and7th. pro- 4 

cepts^ndtheworkftandsasinthe ■ . 

margent* divifor 45) a *S Rtfoivv 

, 225 Product 



A 



Here Note, That the points being ail. brought down and 
o remaining Rafter the laft febftraftion) fliews the operati- 
on is finifrsd, and alio that 629 is a© 
eKaft compound fquate mtmber,whofc , 25 
flic or root is 2 5, as appears by Rjna- 25 

ring of 95 (being the proof the Ex- 



m > > 



tra&ion of the fquare-root^ which 12$ 

produces 625 die number propofed. 50 



625 • 

ifrtf, alfo that when fthc drofor with the figure laft 
added, multiplied bj the figure laft placed in the quotient; 
the product exceeds the Refolvepd the work is erroneous. 
To redifie which place a kfs figure in the quotient, but 
if the remainder is greater then the ne*t divifor place * 
greater figure in the quotient, wherewith proceed accord- 
ing to the 7th. precept, &c. 

It may alfo be obfemd) that the ttafon of pointing 
*vety other figure, is becaufc tnefquareofany onefinglc 
figure never exceeds two places. 

The operations (at large J of 3 or 4 more examples wilt 
flprefumej make the Extraction of the Square Root of. 
any rational (or Square} Number evident, and intelligible' 
enough, with little (If any) more Implication 



t 
\ 



More Examples. . 

t 

Whats the fquarc Root of 13*9* The . *. 

number prepared according to the ift. . 13*9 C ' 
and 2d. precept (lands tips* 



• • 



The Operation of fhr ^precept be- 9 

ing performed, the work (lands thus, 

Rem* 4 

Trie operation of the 4th. precept .. .. 

beut «bfer*ed d* work (bods thus* 1 #9 (5 

9 



469 Refolv. 



The operation cf the 5tb. precept 13*9 '{3 

being performed the work ftinds 9 

thus, ' ' ' — > 

Divifcr f) 4*9 Refolv. 



• • 



Thcop^raiioivofthe ?th.pre!cepe 1569 (57 Root, 
being performed the work (lahds thus 9 

and the whole operation is as in the ; — < 

margent, which mews 13I9 is a fqu. div.67^9 Rdblv. 
number, compofed pf 37 fijuared. 4^9 produft; 



oRem* 

• / /, . ? r ■ ' • / - 

' ' **V- £•'*•••■ ' - * Whats 

■# ' » * »■ 



,n "*T: 



n8 Xte&vtttutittiotfytpumtlfati. 



•• • 



Whats the Square Root of 15129 C 1 2 3 thy root fought. 

-f. .. . • 



' . « 



firft divifor 22J 51 Refolwid ' ;:.-;"•. ^ 
: ' 44 produft *■• '- ->k ..-..• 

fccood divifor 143) 729 refolvend 

* - - 1 < 



/i •',•»'» 






Whats the Square root of 2^6(96 (48^ tfee foot fought. 



- ".-firft divifor 88; 761 refolvend 

7Q4 produft 

fectud divifor 9drf;) $796 refolve^ •, 

-► p 4 , ••.. ; o 



• • • • 



"Whats the Square root o^jatf 7664 fatfdSRfie'root requ , 



< * ■ 



.--; *»-' 



firft divifor 6$) 401 tefolvead *• 

39$ produft 



• - T «'• • • • " 



fecond divifor 720J 576 refolvend 

~ 000 produft. 

third divifor *7 208^ 57664 refolvend 

$7664. produft 



Here 



2C$e GEitf taction of t$e ^qnare 2tao& i^p ; 

_ ♦» 

\ 

Hereby the way obferve, That when the divifor camibc « 
bt had m the Rcfo! vend(accordiug to the 6th* f>reccpe}*heo 
place a cypher in the quotient, and alfo en the right hand 
of the di'vifor, and then you may either remove the refoK 
vcndv*ftep lower, and annex the next point thereto for a 
new refolvend, fetting the new diviforalfo in the fame line 
therewith, as in the operation of the* Iaft example. Or lee 
both the refolvend and divifor retnajn r annexing the next 
point, Arc in the fcjJowi&g operation of the |**Ve*aa}ple, be- 
ing again repeated. , 



• • 4 



i $01750*4 ($6*08 the root required. 



«• * « 



divifor (56) 401 refojvcndr,: ; .i^ji?^ 
^p6 product .» s\". * - ^f -.."•■'. 

I ) * ■> I II J l»1 H I 111 ■ • -^ *,• < >x /" " fi '"».'? 

divifor 7*08} $7^4 rdbfete»4 ,-. .:....*• 'V » 
... ... :: .•. :. • - . ~ v « r :> < j ...J Jtii'I 



• • 



Whats the fquare Root of 491 26081 (7009 the root requ. 



49 



NC •* <*.»..<* .-«».» ».i. 



firft divifor 140) 12 refolvend 

Vproduft 



ji *; 



fecond divifor 1400) i26> refolvend 

ojboo product 

third cfivifof 14009) la&>8i refolvend 

126081 product 



K The 



i^b g$*€tf ration « f&e fyprnftoot. 

r Xk l*ft Eiumplc being again repeated, the operations 
petfbrfncd in (hort, according do the preceding direaions 
atfeHoatt. , , 

* n - -' ' 49t&<te8t (700$ 

- \ — 49 



/:.«'; •-■ wii.i* , n , 1 ,,■ -, >. 



c^HMbr 140^; 12*081* rdbimid 

1 26081 produft 






But if there be a rational (or, fa we) number propofed 
for Extra&on, confifbng either of Integers with Decimals 
annexed, or of Decimklinfatttj then print every other fi- 

£re in the Decimals from wraes place towards the right 
nd, as you do the integers towards the left hand, and as 
many points as awnki tta Decimal* annexed or propofed* 
80 many Decimal ptachattm the Root fought. * 

Rrft, Examples of mixt Numbers commenfurable to their 
Roots, 






• • • 



What* tbe1qu4re Root of $&$& {#$ the root fought, 

!.-:j7:.;p i*s .v ■ 

dirifor icx7^ 78* refolrend 
749 produft 



> * 



vdivifor li4j) 5429 refolrend 

J4 a 9 produ^ 



1 

.mm 



fc* 



Whats 



&$e<fcvtautimatyttHituat1**at. ijt 



• * • 



Wats the fquarc root of 4495,7025 (4%o$ the root top. 



Sip 



■*•• 



+ . ' 1 ■ 
13405) £70* 5 

• *7o*S 



Secondly, Examples of Decimals Numbers, Commcflfih 
fable to their Roots, 



• • 



Whats the Square mot of ^1225 63S *c root required* 

325 



• * 



Whtfstbefipurc footof ,$71535 /,?$$*€ root reguiw** 

145) 815 
725 



1505; $o# 



»~""MW*" 



• • 



Attb the fquarc wot of ,0825412? is 9 aSfj< 

Ka Awl 



I?* C£e (tvttaaiim of t$e jb^nare ttoot 

Ami here obferve, both in mixt numbers and Decimals 
•lone that if the Dumber of decimal places be not even, vi\. 
two, (bar, fix* eight, &e. places, then the number pro- 
ponnded is incommenfurable to its fquare root. 

Note alfo, when a decimal fradion is propofed for Ex- 
traction, which hath two or three cyphers, polfefliug the 
two or three firft places, next the left hand, cat off two of 
them with a dafli of the pen, and place a cypher in the firft 
place of the root, and if the given decimal have four cyphers 
before it, then cut them of, and place two cyphers in the 
root, and proceed to £xtra& the fquare 'Root of the re- 
maining figures as is already caught.; 



00(4489 C»°^7 *he root. 
Thus the Squire root of p5 

, 00448 9 is ,oi57 fee the Ope* * — *• 

ration in the margent. 1*27) 889 

v* ." €89 



Alfo the fquare root of ,0000)351649 will (in like man- 
ner^ . be found to.be ,00 $93. < ■• . 

Hitherto 1 hath been fpqken cb&ccrftimg the Extraction of 
the fquare root of any ftuare or National numbers, (whether 
whole, mixt, or deckffal) ti\ fuch as are commcnfurable 
to their fquare roots* s 

But if when all the points in the gi ver**iumbcr are finiftied, 
there be y<t a remainder after cbe~laft Subftra&ion, fuch are 

nil nl^lfl !ii 1 (being incommenfurable to their fquare 

roors^Whofe fquare roots, though they be inexplicable by 
numbers, yet may be obtained infinitely near by an op* 
prbximation, according toihe following dire&ions, vkf 

When a furd number is propofed for Extraction, con- 

filling all of iftt£gfcrs i proceed therewith as with a ra£oi}al 

vhple number till ail the poind arc finiftied, and then 

/ .. there 



2E$e detraction of tty Square ftqof ♦ 13 5 

there will always be a remainder, which not only fliews f}, 3C 
the number propofed is a furd number * but alio that yd* 
have already found the greateft whole number that the . 
Square root can confift of, and to find the decimal fra&ion 
to be annekedto the root fouod,ta bring ic nearer the truth, 
proceed thus, place two cyphers on the right hand of the 
remainder for a new rcfolvcnd, and find alfo a new drofor, 
wherewith proceed according to the tf th. and« 7th. precepts, 
and there will be produced one figure more to be placed in 
the quotient, which is the firft. figure Cor place of TcnsJ ii*> 
the decimals; and fo by a continual annexing of two cyphers 
toevery lad remainder, you may continue the Extraction to 
as many places of decimals as you pleafe. For as many pairs 
of cyphers as are annexed fo many places of decimals are in 
the root, which arc to be diftinguilhed from the integers by 
a comma* 

« 

Examples. 



Whatsthcfquare root of 696% (83,47 **• *e Root frofi. 

J4 * 

firft dfvifor 1*3) $69 refolvend 

489 product 

■ ■ I — i » ■ ■ •• 

fecond divifor 1664) 79C0 rcftlvcnd 

66 <3 product 

third divifor 16*87) I2 44*>° rcfobend 

116809 prodkcY 



-^ 



► * «. • 



Rem. 7591, &c* 






r. . . . 

tfhats the figure toot of 55783 (23M9 cfr, the root /rap? 

4 



**■ 



. 45>> *** 

t«9 



^ 



-taaM 



5?44 



Hfc 



45**} 13900 
9**4 



■ » !>■! > ■■»« 



47*4?) 4*7*°0 
428841 



8759, tto. 

Here Note, That having found the integral part of tte 
Square root of any Surd number, the remainder may be ex- 
pigft in terms of a vulgar fraftion thus w'v Double the 
remainder for a numerator, and quadruple (or multiply by 
4) the root found, whereumo add 1, for the denominator 
thereof, which vulgar fradian being annexed to the root 
fbund)that mixt nuiiber flull be the Square-root of the Surd 
number propofcd, (prope vmM.) 

Thus, If the fijuare-root of 18 were reautred, the integral 
tot of the root is 4, mi 2 remains,' which doubled is 4 
for the numerator, 4m "4 ( the root found ) quadrupled 
makes id, to which add, t and it is i7 > Jbr the denominator 
thereof. Hence j conclude, that 4^4 is the ncereft fquare* 
foot of i8,that can he txpreft in numbers,unle(syou ufc the 
method of approximation by decimals as afotefaid, by an- 
BeMDga competenx.Jiuilxber.ofpairs of Cyphers, whereby 

the root of any Surd number may be obtained infinitely the 
truth. 1 

?# when a Surd number b propbfed 4br E&tra&ion, con* 
fiftibg of decimals alone, or tf decimals annexed to integers, 
ttfuch Cafes k is ttoftttweaiefltto ufe the method ofap* 




proximarion aforcfaid, regard had to the preceding Rules 
for that purpofc* ohfeiriog that if the decimal plaoesbenoc 
even, they muft be made fo by annexing a cypher, for the 
decimals mud always coofift of two, four; fl£ tigktt&c. 
places, before they be diftinguiAed by points,. 

Firfij Examples of Mixt and Sard Numbers. 

Whats the Sqnarc foot of i392,&(37,3i,dM.the root ftu. 

9 



' firft divifor $7) 492 refolvead 

4^9 produft 

fecond divifor 743J 23$$ refolvend 

2229 produA. 

third divifor *i$6z) 15700 refolvend 

15124 produ&j 

Rem. $i6>&c. 

- . - 

Whan the ftpwroot of 167*0*493 1^0,4930 (Mp^jg 

*«• «i »'* . ^ 

1.1 



4— **BM***aMW* 



Here there muft be a cypher 22 wT 
annexed to the deeiiaak(accord~ J y * 
ing to the Rule already delivered ~£ 
for that purpofe) to make the W9)2#* 
number of decimal places Iven: *" * 2 4\ ' 
and continuing the extraction 2585)13949 
ofier all the points in the give* 12925 

number arc fiaiJhed by annexing attQaYipaiao 
two cypfaers,ro makes neater ap- ** • 47*00 
preach, the Square root Hill be, 



K +m* «i 



W9,^^c? 259059J2JI7«W o •••.- 

*'y>5*y>^. ,.. / ft a»i62t - ... 

' Real* 140479, *fc'" 
K 4 . AKo 



y 
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Alfo the Square root of 1 55424,458 is $949238 fttu 
• j^pj the Square Root of 8358998,3458,1s 2892,922 fire. 



» , . 41 - 



Secondly fxoimyks of Decimals being fur d quantities* 

Whats the fquarc root of ,75 (£66 tfae foot required frcy& 

• 64 . 



u 



166} 1 100 



>■»- 



-J726J 10400 
10355 



* ■»■ 



! Rem. 4i, &c. 

Alio the Square root of ,8j 2 5 is ,90 1 3, &c. fete. 
And the, fquarc root of ,39583 'is ,529 159^. fere. 

If a vulgar fra&joti that is commenfurable to its fquare 
footbepropofed: for Extraction ; J&xtrad. the fqwe-root 
of the , nufneraror for a new nuiperator,and alfo of the deno- 
minator,for a new denojnipa* or,fo (hall the new fea&ion ( thus 
found)be the fquare foot Of the fra&io»proppundedithasthe 
fquarc-root-of^is i; and the fquare root of -f^. is 4. 

But here obferve^ that if the fra&ion propofed for Extra- 
ction, bcnotinhsleafhtcrms, icmullfirft be /reduced to 
its lead terms, for it often happens that though the former 
beJncommenfurable ro its fquare root, yet the latter taay be 
■commeriftirable. »ThusifthctqRarerootof \% is required. 

In its given ref tosftfie fraftioa in -womroenfttnibl^ to i*s 
fquare XDOf,.hux~being reduced tp |.(itsjcaft totay>/.$he 
fqoare roorfc f. . c v ; 

Alio the (qoare root of %%\ is inexplicable in the given 
terms hut beiqg reduced to J£ (itsicaty terms} the Square 



•V «.~- 



■"- J-"^ 



* * 
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If*theVulgar Fraction given be Incommenfurable to irs 
Square root, both in the given terms and alfain any other 
"terms that it is reduccable to. Then reduce the faid vulgar 
Fraction into decimals confiding of even number of places. 
And then extras the Square root thereof by approximation 
according to the precepts already delivered. 

Thus if the Square root J' be required its equivalent Deci- 
mal is ^5 whofe Square root is 3 85<5o2, &c, therefore the 
Square root of J is ,8<5o*o2 fere. 

Alfoif the Square root -J-| were required, its equivalent 
decimal is ,8 1 2 $ whofe Square root is ,901 3 fen* &c. 

Alfoif a mist number is propofed for extraction whofe 
fractional partis expreftin terms of a vulgar fraction (and 
hoc in decimals.) Reduce it into an improper fraction, and 
(if commcnfurable) extract the Square root of the numera- 
tor and denominator as before,obferving the aforefaid caution 
of reducing the fractional part of the mixt number (or the 
improper fracUiod equivalent to the mixt number) into its 
kaft terms; 

- Thus if theSquareroot of $$ were required it will be 2f 
-for the improper fraction equivalent to 5I is 4| and the 
Square root of $% is -J or 2 j* 

And (after the fcme manner) the Square root of 544 £ is 
$-£• But if the improper fraction (equivalent to the mixt 
number propofed for extraction) be incommenfurable to its 
Square root. Then reduce the fractional part of the mixt 
number into decimals, of an even number of places. And 
extract the Square root thereof by approach as before. 

T has if k werc<equired to extras the Square of 1 26*4, the 
improper fraction thence rehiring is^Ji. which becaufe 
each term is incommenfurable to its Square root, therefore 
reducing 4 (the fractional part of the given mixt number J 
inro decimals, (according to the laft rule preceding ) and 
the mixt decimal number thence refultiug will be 126462$ 
whofe fquare root being' extracted (according to the former 
rules) is 1 1,2 528 fere f So rfat the Square root of \26{ is 
1 1, 2528, &c 

Alio the fquare root of 1392?-! being required,' the.jra- 
proper* fraction equivalent thereto is ^^ which isincom- 

menfu- 
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roenfuiable to in Square root, therefore ,85 the decttxM/ 
equivalent to thefra&ional part $1 annexed to rj92 frfeo 
integral part of the given number) gives the mixt mimlxnr 
1 392,86 whofc Square root is 37,37 &c. which was required. 
The like underftand of all other mixt Surd nuiftbert. - 

AKb yon may obferve /before we nuke an end of extra- 
ction of the Sairare root} tha* divers Authors exprefs tb«r 
Square roots of all Surd quantities or numbers incommcafl*-- 
rable to their fquare roots i whether whole, mixt or Fra- 
ctional j. by prefixing this chara&er before the given number , 
w\. v* or fq. as implying that the Square root of the number 
or quantity before which it is prefixed is to be extracted. 
Thus the root of $~ may be thus- expreft, V*. 5$ or thus- 
Vq.^. The root of ,7$ thus V.7$; or thus V.q.,7$* The 
root of ±$ thus W;|» or thus iTq,f £, &c. 



. Jfcft aUo, That the Square root of any fraction (Ms then 
1 or unity J whether vulgar or decimal/ is always lets then 
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if a (quart be made each fide thereof a foot, then J of that 
fquare is 1 quarter of a fquare foot>and the fide of that (quare 
(which contains £ of a fquare foot) is 4 a foot in Jengd*, 
and therefore the fquare root of £ is \: The like is to be 
underiiood of any other fraction. 

» - The Proof of the Extraction of the Square Root. 

« *.. 

THE operation in the Extraction of the fquare root may 
tfJGti proved divers ways, but the beft and mod ufual 
prbof is by fquaring the root found, and if the product with 
fhe remainder added (if there be^auy) be equal to the num*, 
ber proposed for cxcraction,ilje operation is true, other- 
wife nor : -&-tfr by the QfoR afed calling away the 9*$ thus, 
CaOaway all the ?$ out of the number propofed forextracti- 
en, and. place ti?& remainder over, the Crofs. And alfo out 

of 



-A^.. . ^_. 
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-of the root found, placing the remainder on each fide of the 
Crofs, which remainder fquare, and thereto add the remain- 
der after the eXtra&on is ended (if there beany) out of 
which Sum cad away all the 9V. And this lad remainder 
will be equal to that aboTe the crofs, if there be no crrour in 
the operation *, or by Divifion thus. 

' In any fquare number Divide the number propofed for 
Extraction, by the fquare root found : and the quotient will 
be equal to the faid root without a remainders if the opera- 
tion is true. / 

Itt Surd mimbeft 3 the quotient will be the fame as the root 
found, and alfo the remainder of the ditifion equal to the 
remainder after the extraction is ended, if the operation is 
true. 

As in the fSffl Example in fquate numbers,, wtycre 62$ it 
propofed to -extract the fquare toot thereof, which is there 
found to bea$, therefore feing 25 (the root found J being 
fquarcd produce? 625. I condtAe the operation is true* 

1 

2$ • - . 



125 

50 



produa 62$ 
The proof of the prectdiqg Ex^npleby the Crofs, &c. 

> . 

The number propofed for Extraction is — <52 54 

I The root found is<»' - ■ — 2 $ ■ ^\F . 
The.f<#iainder is o 1J\3 

%■ '*' 

..-_._ The 
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The proof by Di?i fioa 2 $) '52 $ (2 5 

; / I2< 



The Firft Example in Surd numbers being examined ac- 
cording ro the three foregoing Rules, for Proof, the operati- 
on thereof will be found true. 

* Firft by fquaring the root found, and adding thereto the 
ranattidcr after cxtra&on. ■ * 

The number propofed is — — 59^8 

The root found is — 83,47 

The remainder is ■ .9591 



58429 

, 667J6 * 

prod. 696712409 

7591 Rcmaind. 

«»^— ■— » — — ■■■!■ I n 

Sum tf 9^8,0000 the number propofed* 

• ■ i n 11 .1 ■ 11 ■ I, / 

> 
* Secondly, By the Cro% ftc. 

'TJk number given— *~6p^ 2 

The Root found . 8 3,47 4^3v4 

The Remainder t " 7$ffi» 2 

Thirdly, 



SCtic £tf radton of t^e Equate Hoot. 741. 

V 

Thirdly 9 byDmfioft, &c. 

8347) <*9<*?>o (83,47 

' ■ 29040" . ; 



S9990 

66020 



Remainder 7591 

• ♦ 
Thus much for the Extraction of the Square rooj where- 

in I have been the more large, chac it may be intelligible to 
ordinary capacities } and confidering that I write to Leanr- f 
crs and noc the Learned, I hope my prolixity is pardon- 
able , fo fhall not enlarge any further, referring the Header 
to (he third and fourth Cafes of right Apgled plain Tri- 
angles in the preceding Treatifc of Arithmetical Trigono- 
raetry, for the ufe (of applipabon) of the Square root in 
thcRefohraonof plain ,Tri angjes, being alfo fubfervieht in 
the refoludon of all the Cafes* both in right aud Oblique 
plain Triangles, according to the method delivered in the 
forefaid Treatifc. 

And to the end that thip ^jfccllarjeous Tria; may be of 
more gcnctalufc then if here cpricJuded, I (hall in the fubfe- 
quent part hereof, lay down the rife and Conflrudicn of (e- 
▼eral Tables, of general ufe in the Mathcinarkksina* intef- 
Hgiblc terms, and with a* plain directions, as 1 can poflibly, 
confidering my limits, wV . 

Firft, Of thlf Natural Situs* Tangents andStdanps, mthtbtir 

rifc and tbe CotfrnttUm or mty*£ Tabbs tbtretf. 
• . » ■ • 

Secondly, Of tb$ Ugaritbmibiir rift, and Ctngruftiox. 

Thirdly, OftbtLo£arithmical(or Artificial) SinestTjn&vts, 
and Stems. 
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The Definition of a CI R CL E 

anil its Parts. • 



BY way of Introduction, as aMb tor method fake, ic 
may be proper jo begin with the Definition of a 
Cirde and its parts^ before we proceed to the De- 
finition and Coaftra&kHi of the Nawal Sines, 
Tangents and Secants. 

v ■ 

Figure ??* Definirion t< A Circle is a bUb figure, eon- 
tamed under one term orlinecaflcd the CiroiniferenoeyKid 
by fome thr Perimeter or *Peri«hery* as a b c d. 

2. The Center of a Ctrck is that point in she my aridft 
'thereof (as at e; from which alright lines (oriied ftadkrt) 
drawn to rhe Circumfcrenoe, are equal to one another, as 
ea, eb, co, ec, ed. 

3. The Diameter of a Circle, is a right Une draws front 
one fide of the Circle, to pUfs thtongh the ceriter to the 
other fide thereof, dividing the circle into md^qoal parts, 
as acand'bd, &ci : * 

a. The Setfii-Diameter or iadias ofaCiadc, k jultooe 
lialfof the Diameter, being contained between the center 
and the circumference, as ea, eb, co, *c, cd, Sic. 

5. A Semi-Circle is half the circumference of a whole 
circle, being! knked by the diameter as a b c or a d c. 

6. A ^iwdraoc is the fourth fart of the qrcuntference of 
a whole circle, or half of afemi-circle, and is limited by the 
two diameters ac and bd cjofliag each ftlpar at right An- 
gles in the center, as the Arches ab> be, cd, apd da, each 
being a Quadrant, • ' ' V 

7* Att 
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7. AnArcflofacircIe, is fame part of the rircumfercnce 
limited fey twopdmts caHed the terms orcxtremmesthereof, 
as the Ar ones ao, bo r or oc, 

8. The ciraup&teppe of every cird< is kppofed to be 
divided into 960 equal pans called degrees, each degree, 
fubdirided into 60 equal parts, called minutes; and again 
traeb fimmte imotfo equal parts called feconds, and fooof 
tbia being called t** Sexagttmal dhritioft. ffaaeeicfolows. 

9. A Semi-circle coq&ms iSodeftfcMtd *<3»*ifa«: 90 
degrees. * 

10. The meafurc of an AH&le h 4n Arch of a circle inter* 
cepted between the two (ides containing the Angle being de T 
fcribed on the Angular point as a center, and as many degree* 
as chc Arch contains, fo much is the Angle ; (a the tneafure 
of a right Angle (as aeb, bee, &c.) is always 90 deg. 0/ 
a Quadrant. 

ii. An Acute Angle (asbco) is always left; andanOb^ 
mfe Angle if as aco") greater then a right angle* 

1 2. The Complement of an Arch or Angle to a quadrant, 
is fo much as it wants of 90 deg. as the Arches bo and oc, 
being both po de& are thcrtof the Complement of each 
other to 90 dec. But the Complement of an Arch or Aqgie 
to a SemJ-circie is fo much as it wants of 180 deg. as the 
Arches ao,*nd oc are the Complement of each othej to 
1 80 deg. and both together equal to 180 deg. 
. "Now foraimucb asthcBatio, or proportion of Arches dn< 
to another^ alio of an Arch to a right-line is yet unknown^ 
and "becaufe the Angles of plain Triangles, as alfo both the 
Angles and fides -of Spherical, aremeafurcd by Arches pfa 
circle $ therefore the proportion of all the parts of a Trian- 
gle one coanpther cannot be determined, in order to their 
calculation; unlefs thofe Arches be firfl reduced to right- 
Jinc$> and the Jcngcb of each defined according to an aflbgn- 
cdfUcHuj. 
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2T;e Might-Lines of a Circk apply ed to the mea faring 
of jlrches and jtogles^ are Chords*, Sines, Tan- 
* gents^ Semi-Tangents and Secants. 

Such a&are now generally ufed in the Calculation 
of Triangles; are Sines, Tangents, Secants, 
and fometimes Verfed Sines. 

Figure 22. Dcf, i. The Chord or Subrenfeof an Arch 
or Angle is aright-I'me drawn within a Circle dividing the 
circumference intd parts, and is a Chord to them both. - So 
o k is a chord of the Arch o c k, and alfo of the Arch oak, 
Ac Complement of ock to 3^0 deg r . Like wife o'c is a 
Chord of the Arch owe (or the Angle oc c) as alfo of the 
Arch oac, which is the Complement of o w c to 360 deg, 
Thegreateft chord is a c or b d the diameter of the circle, 
and is the chord of half the circumference. 
; 3. A Sine is eitbejr Right or Verfed. 
; . The right Sine of an Arch or^ngle 3 fea right-line drawn 
. irithiti a Semj-circle froni one end or term of an Arch per- 
pendicular to the Diameter > and is a Slme to two Arches 
both equal ttf a Semi-cirefe, and therefore are the Comple- 
rrjcnrs of each other t6 180 deg. as on isa Sine of the Arch 
be (or the Angle oecj and alfo of the; Arch o b c Cor the 
Angle c a} the Coniplehicnt of o c to t 180 deg. Or, the 
jSne of an arch is half the chord of. twice that arch. Thus 
b n the Sine of the arch owe is half of 6 k the .chord of 
the "double arch oct. - The greateft Sinej is £ b the fcadius 
orSemi-Diamererof the circle, andiscaued the whofe Sine, 
being the Sine of a <Jp^drant or 90 deg. ~ '■'"'" 

\. A Verfed Sine, isthat part of the diatnetct conrijried 
between the right Sine of an Arch and the circumference; 
thus n c is the Verfed Sine of rhe Archoc (or k c)apd a n 
the Verfed Sine of the Arch o b a (or k d a.} 

4. The 
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4. The Tangent of an Arch or Angle is a right-line per- 
pendicular to the end of the Diameter, & touching the circle 
without, being limited by a right-line preceding from the 
center, by the end or term of the Arch : thus cm is a Tan- 
gent of the Arch c 6 (or the Angle c e o) a* likewife of the 
Arcboba (or the Angle oe the .Complement ofoc to 
180 degrees. : 

5. The Secant of an Arch or Angle, is a right-line, drawn 
from the center of the circle, cutting the circumference in 
one of the extremities of the Arch and continued' till it mecc 
with the Tangent of the fame Arch, as e m is a Secant of 
the Arch o c (or the Angle o c c) and alfoof the Archo b* 
(or the Angle oe a} the complement thereof to 180 d. 

6. A Semi-Tangent is the Tangent of half an Arch or An- 
gle, and not half the whole Tangent of an Arch, thus the 
Semi-Tangent of the Arch oc, is cF (the whole Tangent of 
cw which is half the Arch oc} and not half of cm (the 
whole Tangent of the Arch o c.) 

7. The Co-fine of an Arch or Angle left then a quadrant, 
is the Sine of that Arches complement to 90 d. the like un- 
derftand of the Co-Tangent or Co-Secant. Thus T o is the! 
Co-Sine, bR the Co-Tangent, and eR the Co-Secant of the 
Arch cwo being alfo the Sine, Tangent and Secant of the 
Arch bo. the complement of oc to 90 d. 

8. The Co> foe* Co-Tangents, &c. of a Arch greater then 
a Quadrant, is the Sine, Tangent, &c. of theexcefsof that 
Arch above a quadrant or 90 d. Thus the cofine,co-tangepc 
andco-fceant of the Arch oba is To bR and eR. 

9. By the preceding definitions, it eviden t that a Chord is 
common to two Arches, which together make a whole Cir- 
cle, and are therefore the complements of each ot hence* £$a 
dL and likewife a fine, tangent and fecafit is common to two 
Arches, which together are equal to a Semi-circle, and are 
the therefore the complements of eacfi other to 180 d. 

Thus much for the definition or defcriptioh of Rjght-Iines 
applyed to Arches, next follows the Conftruftion or making 
of chQfc natural Lire. 
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the Confer uff ion vr mafyngof the 
NdtwdSines,TangentsandSe- 

'. cants is either Linear or Ta- 
bular* 



THE Lite* Conflruftion is the making of thofe litct, as 
they areufoalty plac'd upon the Marriners plain Scale, 
and may be Jwrfotmed Geometrically, as follows. 

Figure 23. Firft,. Defcribe a drele as abed of a con- 
venient Radius, ' Which divide into four quarters of quadrants 
by two Dwme*crs, ac and "bd eroding each other at Right 
Angles in the Center. _ -' '• 

'■ 2. For the Ltoe of Chords*, dra\vthtf chord Line of the 
quadrant be ; *a«d divide the arch thereof into 9 equal parts, 
which mark with 10, ao, 36, e^* to 90 from ceo b, then 
With the one fbbtdf your compafles retting in e as a center, 
with *he other transfer the revci-al divifiomfrom the arch to 
the Right Line be, and number ft aHb with to,' 20, ac^gtc. 
correfpending thofe in die afch, fo fhall be be a Hue of 
Chords to every 10 dtg. and if ctery 10 in the aith be again 
divided info 10 equal parts andftt like manner trans- 
ferred TotftechorcTLtne, will give all the mtermediare or- 
tingle degrees; but it mayfuffioe if every 10 in the flight* 
$*e be divided into 10 equal parts. 

'3. For the Line of Right Sines 5 From the points of the 

feveraf divifions 10, 20, 30, See. in the arch cb, draw pa- 

'ririfefe to d* cutting err, (b fliaH ec be divided mro a line of 

right Sines which number with 10, 20, 30, fce. to go from 

stoc 3 the Tingle degrees may be had, by dividing every 

• - 10 
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loin the arch into to equal parts, and drawing parallels a* 
before, but if every 10 in the in the right line ec,be divided 
into 10 equal parts it will ffiffice without any fenfible error. 

4* U thofe feverai divtfions in the right line ec be nurn- 
bred with 10, ap, 20, &c. from c to e it will be a line of 
Verted Skmio £odeg# and may after the fame manner he 
condoned from c to a( the other half of the Diametcr)to 1 80 
degrees. .m 

5. For the Line ofTangefll; Olf dne end of the Diame- 
ter as at c* raife the perpendicular cm to touch the circle 
wtthowr, which continue to a fuffiriem length ; and by the 
edge of a J*oler laid from the center e to the federal divifjohs 
to, 20, 90, fee in the arch of the quadrant cb. Di- 
vide the Hale cm Into thofe feverai parts io 4 so, ao ftcV 
COTtvfptadingTbe drvifjons on the arch * hereby is cm un- 
equally divided, atd becomes a line of whole Tangents. 
■ 6. Fdr. the Lineof Seeafes \ Set one foot of the Compafr 
fes n the Center at e t and with the other transfer thofe fe- 
vera! extents ttf the graduations rnthe line cm, to the right 
line cR, which mark alio with 10, 20, 30, &c. correfpon- 
dent to the graduations ift the line cm, fo (hall cR be a line 
of SecatMS* The fmgfc degrees on the lines of Tangents and ( 
Secants ooght to be graduated by the fane rtafbn from the. 
irngie degrees of the arch asevtry 10 is efpecially thofe above 
4)0 d. for then they increase faft andalfo very, unequally. 

7. Fpr theLineof SemKXangents. By the edge of a Ru« 
ler laid from a to the feverai Divtnons 10, 20, 90, &c. in 
the quadrant c b. Divide the line eb into trie feverai parrs 
1-0, 20 y 30, &c to 90 d. corresponding with thofe in the 
arch* io fbaH eb become * line of Seriri-Ta%ents,the fmgle 
degrees rriay be divided Hkc as the io's or if every io in 
the line eb be equally divided into 10 h may fcrve. 

8. Thefe isalfo pertaining to the plain feale feverai other 
lines, as fines of equal parts of feverai lengths fitted to 
feverai Radius's of Chords* alio a line of Rumbs or points of 
the Compaft, a fine of miles of Longitude and feme has a 
line of hours each whereof (though it be fprne digrtfllca 
from my prefem fubjeoV I (hall gi«e a brief hint of their 
€coftni£$oih 

. , La 9. for 
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c. For the Lines of Equal parts > There Deeds no di- 
rections. 

1 o* For the Line of Rumbc Divide the arch of the qua- 
drant ab into 8 equal parts, then one point of the Compares 
reding in a, with the other transfer the federal extents to 
thofe divifions unto the right line ab which number with 
1, 2, 3, &c. to 8 from a tob, fo is ab alineof Rumbsor 
points of the Compafs. £ 

1 1< For the line of Hours* Divide the arch of the qua- 
drant ad into 6 equal parts, and from a as a center transfer 
them, fin like manner) to the right line ad which will be 
a line of Hours, to be ufed with the foresaid line obchords* 

12. For the Line of Longitude. Draw the right lines 
d 6 parallel to ec and c6 parallel to ed *, fo is the fqoare 
deeb conftrn&ed, divide the line d6 into fix equal pans, 
and draw the lines 5 e, 4 d,~&c. parallel tode whereby the 
arch of the quadrant cd is divided into fix unequal parts ; 
Then placing one point of the Compares in c with the other 
transfer thefeveral extents to the points edc, &c in the arch 
to the right line cd, fo (hall cd be a line of Longitude, to ' 
every 10 miles or minutes, and all the intermediate or tin- 
gle parts, ought to be divided like as the io's is by divid- 
ing the feveral parrs of the line drf into 10 equal parts, and 
drawing parallels for each, &«.-. This line of Longitude is to 
* he ufed with the line of chords aforefaid and ferves ro find 
how many miles or minutes, in any parallel of Latitude al- 
ters Cor anfwers toj a degree of Longitudein the cquino&iaL 
But as to the feveral ufes of thofe lines aforefaid my limits 
will not permit to treat of here, being fo frequent and ge- 
neral in the practical parts of the Mathemaricks* t mall 
therefore refer to fuch as have already well applyed than to 
ufe, ^Collins Plain Scale, Stllers P r attic al Navigation, and 
feveral Others. Onlyobfervc, 

That thofe fines being all made to one Radius ("as thofe 
preceding are) they may be ufed jointly one with another 
and not other wife ; aud if thev be made all to correfpond 
with the fame Radius, then the chord of rfodeg. the Tan- 
gem, of 4 j d. the Semi-Tangent, and Smc of 90 d« are all 
equal one to another, and alfo equal ta the Semi-diameter 
or Radius. - '' . . ' N$tt, 



afof* alfo, That if the Radios be divided into any number 
of equal parts, but moil conveniently 10, 100, &c. and if 
a line of equal pares be made correfponding therewith of a 
fafficient length, you may thereby meafure the length of the 
Chord, Sine, Tangent, &c. of any arch, and find how ma- 
ny of thofc parts of the Radius are contained therein, but 
this being not accurate enough for Arithmetical calculations, 
ic is therefore absolutely heceflary that thofe right linesfcfpe- 
cially fiichasare commonly ufed in the calculation of Tri- 
angles,) be determined to greater accuracy in numbers, to 
an affigned Radius and Tables thereof being accordingly 
inade.are called the Cannon of Natural Sines,Tangcnts and 
Secants The ConArutfion whereof Mows. - ' 



To makp the Tables of Naptral 
Sines y Tangent f and Secants. 



T^Trfl affign the Radius to be an unit with a competent 
1p number of cyphers annexed thereto, and thereby the 
Radius will be decimally divided, vi\. into 1000, ioooo, 
100000, &c. equal parts, which kind of divifion is the 
moil commodious in all Arithmetical operations. Now to 
determineor exprefs how many of thofe parts are contained 
in the Sine, Tangent, or Secant of an arch is the conftrufii T 
on making of thofe Tables, which to perform divers Learn- 
ed Mathematicians have largely writ thereof, zsSntUius, Pi- 
tifcus, Briggs, Dr. Newton ana others, but the mod facile, 
and expeditious way is that publifhed by Mr, Collins in his 
book of the Plain Scale ("before mentioned) pag. 112. and 
the excellent finical proportion alluding thereto was (as he 
there fignifies^ attained unto and communicated to him by 

- ■ L 3 Mr. 
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Mr. Dory, both able Mathematicians of our ownCoontrey $ 
the fame being alfo afterwards pubiifhed by M. Vary hira* 

felf in his Mifcellanies, pig. 5. which it the following e&&* 

In a rank of Arches equally differing. 

As the Sine of any Arch in. that rank : Is to the fun of 

the Sines of any two arches equally remote from it on each 

fide : : So is the Sine of any other arch in the faid rank : 

To thefum of the Sines of the two arches next to ic 00 each 

• fide,, having the like common difference. Alfo die feme 
holds if the progreflion be interrupted, vi% whan there are 
two ranks, whereof thefirft have the fame common difie- 

' rence -as the lafl, but not retaining the like difference be- 
tween the lad arch of the fjrft rank and the firft of the latter 
rank* Thus if the two ranks were 10, 14, 18 d. &c. and 
?$* 3°> 43 d. &c. here each rank hath the fame common 
difference but nor in aprogreffive order, the like underftand 
of any other two ranks of the fame nature, this is premifed 
border. * " *' 
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To maty the Talks of Natural 
: Sinef. 



1. T Et the proportion of the Dfamercr to the eircern- 
1 j ference of the circle be taken for granted Vo be as 
ii$to|5$, or in larger numbers/ As ito 3,14159, fee. 
( for which fee TkMtms % % Algebra pag. 46 *) 

2. The Chord, Sine, or Tangent of 1 mio.doth mfenfibty 
differ from the length of the arch to which it belongs, and 
.therefore the length of the arch of 1 rain, may (without 
any crrour) be taken for the Sine thereof, ' . v. 

J • " 3» The 
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3.. The Radius iooooo, &c. being doubled gives 20000 ° 
Sec. the diameter, which done, find the circumference t° 
the fame parts by the i. Thus 

As 1 : 3)i4i$9i &c. ; . 200000,00 8cc. To 628318,53, 
&c, which is the length of the circumference in like equM 
parts of the Radius. 

4. It is demonftratiVe, Tfat fuch proportion as the cir- 
cumference of oqe circle has, to another fuch have thicr Dia- 
meters, Sines, Degrees, fee. of like Arches one to another, 
and the conttary , therefore 

5. The whole circumference being found as before to con- 
tain 6283.18, 8cc. equal parts of the Radius iooooo, and if 
the Rad. be taken to be 100000,00 then k is 628318,53 
fee. which done, find by. the 4 aforefajd how many bf the like 
parts is contained in the arch' of 1 mm. thus, As 21600 .* 
(the min. in 360 deg. the whole circumference of a circle) 
Isro6283i8,$3 (the circumf. found in equal parrs of the 
Rad.J : : So js 1 min. to* the length of St correfponding 
arch : therefore dividing 628^18,53 by 21600 the quoti- 
ent is 29,08883 &c or 29, for the Sine of 1 min. to the 
Radius iooooo ; or the Radius being iobooo^o, the Sine 
is 29,69 fire. 

21600) ^283i8,sj (2 9,088$/ &c. 

t »— — — »»W ■ I 111 ■ 
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6 The Sine of 1 nun, being thus obtained, the Cof^e 
thereof (orSmeof 89 deg, 59 rain.) may be thus had, v»v 
From the ftjuare of Radius, fubflraft the Iquare of tjie Sine,, 
df 1 min. The fquare root of the remainder is the CoCne 
thereof^hus the fqu. of the Rad.(iooooo,Jis 1 ocoooooooo, 
and the fquare of 29,09 (the Sine of 1 min.) is 84632281. 
Therefore * L 4 From 
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, Froni the fquare of Radius 10000000000,0000 

* Subft. the fquare of the Sine of t m. 84^,228? 



Rem.thefqu.oftheCo-S.of 1 tn. 9999999 l $W7i9 



Extr, the fqu.Root of 9999999* $bT7 l 9 (99999>99$> &c « 

189J 1899 The Co-fine of 1 mio. 

1701 (or the Sine of 89 

■ ' degrees 59 mm J is 

1989) 19899 99999>9tf to the 

1 790 1 Radius 1 00000,000* 
■ ■ ■ ■ ^ 
19989) 199891 
119991 



'.* 



ipP989)«WP°5J 

1799901 



*999$*9} * 99 1$?77 

17999901 



199999*9) I9i$37<*i9 

' " 119999901 

—i - ■ * ■ * 

11557718, 

By what ispremifed in the i 9 a, .2, 4,. $, and 6. forego* 
ing and the preceding operations, the manner of attaining 
the Sine and Co-fine of 1 min. is plain. 

And frbmthe Sinica! proportion before-mentioned of a 
rank of arches/ &c. with fome further explication thereof 
alfthe red of the fines in the quadrant may be calculated* as 
follows. T . 

t 

* Haying 
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Raving obtained the Sine and co-fine of i min. we may 
by what is already known propofe two ranks of arches, each 
rank toconfift of three arches, and to have the like common 
difference though nor in a progreffive order but interrupted 
as aforefaid, which may be appiycd to the preceding propor- 
tion. Thus, 

In a Semi-circle, take the Radius for the middlemofl of 
three arches itr one rank \ then the two arches on each fide 
thereof muft be, one to exceed, and rhe other be lefs then 
the quadrant, each by i min. the fame Sine being ("already 
known and/ common to both arches, and therefore (ap- 
plicable to 'the aforefaid proportion; muft be doubled, this 

rank is it the end or lad part of the quadrant. And 

for the other rank make the fine pf i min. the middlemofl 
of the three, and the two arches on each Tide thereof is 
a min. and o min. this rank is in the beginning of the qua - 
dranr. And thefe two ranks have the farfe common diffe- 
rence, w\. ijnin. Now the fines of all thofe arches are 
known except that for % min. which to find by the former 
proportion it follows, That As the Radius is 'to the double 
of the co-fine of i m. : : So is the fine of i mm.,: To the 
fine of 2 min. and o min. And from the fame reafon (hav- 
ing thus got the fine of 2 min. J retaining the two firft terms 
it holds. So is the fine of a min. To the fura of the fines of 
3 min. and 1 min. from which fubftra&ing the fineof 1 min. 
there remains the fine of $ min. and then it will be, fo 'is 
the fine of 3 min. to the fum of the fines of*the 4 min. 
and 2 min. Again fo is the fine of 4 min. : To the fum of 
the fines of 5 min. and 3 ipin. &c. and fo proceed (obferr- 
ing the like order) from the beginning of the quadrant up- 
wards. 

It alfo follows (from the former proportion J. for finding 
the finesnear the end of the quadrant nrft and (o to run down- 
wards, that, 

As Radius is to the double of the Co-fine of 1 min. : : So 
is; the co-fine of the (aid min. To the fum of the co-fines cf 
2 min. and o min. The co-fine of o min. is rhe Radius, 
therefore from this fourth term found fubftraft the Radius 

the 
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there remains the co-fine of 2 m* or fine of 89 deg. 58 min. 
Then continuing——- So is the Co-fine of 2 min. Td the 
fumof the eo fines of 3 min. and 1 mint from which fub- 
ftraAthe co-fine of 1 min. (the fine Of 89 deg. $? rain. J 
rem. the co-fine of 3 min. (the fine of 89 deg. $7 mia.) 

Again, So is the co-fine of 3 min* - To the fum of the 
eo fines vf 4 min, and % min. and fa on by the like orderly 
procefc. 

This excellent proportion produces an eafie operation for 
the firft term being Radius dmfjon i$ avoided, and becaufe 
the fecond term varies not (being a common Factor in every 
proportion) therefore having the Multiple's thereof, by all 
the 9 digits, (in a Table) ready at hand. The whole calcu- 
lation may then be performed by Addition and Subtraction. 

A Table of the. Multiple's of ("199999,991 55, Sec.) the 
double of the co-fine of 1 min. ("being the fecond term and 
common Factor) for the more eafe and fpcedaa calculation 
andmay be continued further at pleafure. 




199999,99155, 6CC.I 

399999»9 8 P* 
599999,97466 

799999,96622 

999999*9 $777 
1199999,949^ 

1599999,94088 

1 5 99999-93 344- 
I 9 |i79999^9^99 



1 

The Operations, beginning ?viih the Sine of 2 min. and 
foonco 3 min. 4 min. §min. &c. (in the firft pare of the 
quadrant) proceding upwards by the like procefs, as follows. 



For 



for the Swe of 2 Minmtu 

AiiocoOo 3 oo : 199999,9915 : : 29,9888 : 58,18/1™., 

29,0888 



• 159999993*44 

15999999^44' 

I59999993 2 44 * 
1799999923996 

3^999998311 



jooojfec.; 58,171759,754339^4 (58 5 t8 fere the fine of 

— — (2 mtn. 



•*•»' 



r*""!* 



,-<■ 



For the Sine of % minutes. 



' A$ 109000,00 v- 199999*91$ ••* 5&i*776" • "*iS4$2J*. 

$8,17745 .< 

IW9999WS- * 
13999999409 

* f I39999994°9 

*9999999i$ 

. * $9999*91*4 : 
9P999P9578 



^ From 
SubftraA 



M^35!5«9 5 59?^94^3 (** ^P of the Sities.of 
29,0888 the Sine of 1 mih. (jm,&i m. 



Remains 87,2^4 the Sine of 3 minutes. 



Far 
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For the Sine of 4 minutes. 

Astooooo,oo : 199999*991$ : : 87,2664 : 174*5328 

87,2664. (fere. 

7999999552 
1 1 999999495 
11999999493 
3999999831 
13999999409 

15999999324 

» 1 11 » ■ — ■ 

From 1 74, 5 3 1 2 79,^6 2648 92 the fum of the fines of 4 m m 

Subftraffc 58,1776 the fine of 2 min. (and 2 min. 

, ■ 1 1. . - 11 ■ 

Remain 116,^552 the fine of 4 minutes. • 

(and 3 in. 
ki likemanner is found 2 3 2,7 1 04 the fum of the finet of 5 m. 
From which Subftraft ' 87,2664 the fine of 3 m. 

Remains 1 45*4440 the fine of 5 min. 

Alfo 290,888 is the fum of the fines of 6 min. and 4 m. 
Subft. 116,355 the fine of 4 minutes. 

Remain 174,533 the fine of 6 minutes, &c. 

Thefe Examples may fuffice the fame procefs being to be 
ibferved throughout the >vhoIe calculation. » 

And here Note, Tfyat although the Sines here -found (be 
in effedfc) 'equally differing in fuch fort that the Sine of 2 m. 
is doub!e,the fine of 3 m. triple the fine of 4 m. quadruple, 
&2. to the fine of i.min. yet in profecutmg the work this 
kind of progreflion will quickly ceafe. 

* 
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o find the Natural Sines beginning at the 
endroftht Quadrant with the jirch 89 d. 
5 8 min. the Sine whereof is the Co-fine of 
2 min. and descending JkcceJJivelj \ &c. 
The Operations are as follows. 



.r 



As 100000,00 : 199999*99**$ : : 99999*99*1 

99999>99>$1 



■•■^.^ 



\ 



139999994°$ 

9999999$?$ 

11999999*1$ 

17999999235 

17999999235 

*1999999*l$ 
11999999?$$ 
*7999999*3$ '- 
*1999999*%$ 



From 199999,98)290,00003655 
Subftr. iooooe,oothteo-froe of o min. 



Remain 99999,98,3 the cotftnc of 2 nuf&ne of 89 d.$8m. 



Here 199999,983 is the ram of t\;e co-fides of 2 mis. and 
' o min. or tire fum of the fines of 89 deg, 58 min. and 90 d. 
Therefore Radius fubftra&ed therefrom leaves 999999*983 
? the fine of 89 degrees 58 minute?, or the co-fine of 2 mi- 
nuses. 



.» t 



•TW»"S 



ivj 3 Stlje Conftr action of £|re 2Cabl&, 

Fiw rfo S//*f of 89 */*£. 57 min.thc Co- fine of $ /»*#. 

• • - 

/ 
As 100000,00 ; 199999^92; : 99999,983: 199999,958 

99999*9*1 (&* 

' » — ' ■ " * ■ - *- 

"" , $9999997*- 

■ * $9999991$ 

11999999** 

11999999*% 

11999999** 

*799999.9**. ,. ■ 

1799999928 

1799999928 



From 199999,9 $|8bo,oodigd the fum of the cofines of 
Subftr. 99999,996 the cofine of 1 miri. : ' (3 m. & 1 m. 

Remain 99999:962 the co-fine of 3 min. {Sine of 29 deg. 

($7 nan*) 

By the like method the fine of 89 d, $6 m/ts 99999*91$ 
And the fine of 89 deg. 55 min. is 99999>*94- 

And the Sine of 89 deg. 54 rain, n 99999>*4$ 

Thefe Examples with (regard to the preceding directions}* 
are fufficiewt to ilfoftrare the. manner and procefi, either for 
calculating a whole Table, of Natural Sines dt mv^ or to 
examine one already made. 

B*cif thfeprofrefs by 1 m«*it * date be thought too te« 
dions or (low, the more to expedite the work kmayfuftkre 
to find the fats by this method, to every 10 minutes, and 
then to tof^Iy the intermediate fines by addition or fubftra* 
ftion of their proportional parts of the differences of thofe (b 
found. And in order hereunto it will be convenient fox* 
cVery fine found at the beginning of the quadrant, (in pro-* 
ceding upwards) to find the fine of its complement. 

To 
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To the end that we may have three equidiffcrent arches 
or (which is all one) the fipe of an arch doubled near the 
end of the quadrant, differing from the Radius 10 min. and 

To dill reram Radius for the middleitioft arch and firft term, 
andalfo thecofineof 10 m. doubled for the fecond term 
and common Fador, throughout the reft of the work: And 
then having already the fine and co-fine of 5 min. it will 
run thus (agreeable to the former proportion^ to find the 
ikies and co- fines of 10 m, aom. 90 m. fcc. As Radius \ to 
the double of the co-fine of 5 min.fo is the fine of 5 min. To 
the fum of the fines of 10 m. and o m. And fo is the co-fine 
of 5 min. to the fum of the co-fines of 10 m. and o m. And 
j ben As Radius to the double of the co-fine of to min. So is 
the fine of 1 o rt. to the fum of the fines of 20 m. and o m. 
And fo is the co-fine of 10 m. To the fum of the co-fines of 
20 m. and o m. And now the co-fine of 10 min. doubled 
may be made the fecond term (and common Faftor) for 
finding all the reft of the fines to every 10 m. throughout 
the quadrant.thus, As RadiusjTo double the co-fioe of 10 m. 

^fois the fine of ao m.; To the fum of the fines of 50 inland 

* 10 m. And fats the co-fmeof 20 m. to the fum uf the oh 
fines ofapm. and iom.Andcondnuiug,foisehe fine of jom. 
to the fum of the Sines of 20 m. and 40 mm. Andfb u the 

, co-Sine of go m . to the fum of the co-Skies of to m. and 40 on* 
and fo proceed till the work w^finifced. Two or Three ex-' 
amplcs will make it plain. 

For tUSint of 10 m. 

, As 100000,00 i 199999,788 : : 145,444: 290,89 firu 

f 4 5*444 

■ » i . m, ^ ■ ' 

799999**52 

799999152 

.79999915a 

999998940 

799999152; 

199999788 



f 10 mifl* 



10000,00) /2 ^0,881759,15587 2 (290,8877 jtrt,\hc Siueo? 



150 &ye Conurmtton of tpe gable*, 

For the Co-fine of 10 htm. Sine of 89 deg. 50 mm* 

* 
As 100000,00 : 199999*788 : : 9999939$ : 

Facit 199999 $772, &c. the fum of the confines 

(of fom>&omin. 
From which tub. 1 00000*0000 the Rad.or co-fine of o min. 

Remains 99999,571 2 the fine 89 d. 50 m. or co-fine 

(of 10 mio. 
Which doubl.is 199999,1 $44 for a cpmmon Factor. 

' A Table of rhc Multiples, of 1 99999,1 544 which (being 
made a common, faftor to find all the reft of the fines by to 
every 10 min.Jwill be of the like ufe as the f6rmer, in facili- 
tating the work. 



**.j. 



.• * 



1 

2 

4 

5- 
6 

7 
8 



9 



199999,1544 
399998,3088 

599997>4 6 3 3 
799990,6176 

99$-995>772° 
1199994,9264 

1399994,0808 

I59999W52 
1799992,3896, 



For the Sine of 20 Minutes. 

Asiocoocjoo ; 1 99999, r$44~: : 290,88,77 : 

facit $81,77294, &c. tbe fine of 20 minutes, or 

■ • ; \ f^ 
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For the Co-fine ofio m. (the fine of 89 d/40 ?».) 

M * 

As 100000,00 : 199999>* $44 : : 9?999%$172 • 
P&cit 199998,3088580:. the Ifumof Cofinesofsoandom. 

- From which fubfL 1 00000, &c. the Cofine of o min» 

• • * ■ » 

Rem. 9999853088,* or 99998,3 i,/ir*, the fine of 

(89(1.401114 

For the Sine of '30 mm 

___ • 

As iooobojoo : 199999,154 • ' $^>773 : 

f Path 1 163,541 ia&c.fam of the Siffes of 10 m.30 m. 

From which fab.2 90,887 7 the Sine of 10 mitt. 

^ Rem. 872,6534 the Sine of 30 miri. 

For the Co-fine cfzvmn. Sine of 89 <fcg* 36 'mh. 

« 

• * » 

As 100000,00 : 199999)154 : : '99998,308 ; 

Facit 1999995,7719 the funi of the Co-fines of 

fiom. and 50 nun. 
From which fubft. 99998,5772 the Co-fine of 10 min. 

Remain. 99996,1947 the Sine of 89 deg. 30 m. 

Alfo the Sfee4om.is 116,5265, 
And the Co-fine 99993,235 fttu 

After the fame manfter proceed to find the Sines of 40 m. 
jo m. 1 deg. 1 deg. lorm. and fo on fucceflTively throughout 
the quadrant. •. 

M Or, 
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Or, Having made the Sines and Co-fines to every irfm. 
as far as 5 deg. /which are alfo the co-fines and fines reaped* 
ively to every 10 m. from 8 $ d. to 90 d.) find the fine and 
co-fine of 10 d. and then proceed by iodeg. at a time and 
find, the $ints of 20 d. 30 deg. and fi> on to 70 d. by the 
former proportions, which done then by the help of thofe 
tines already known, (yi\* the firft and lift 5 deg. to every 
10 m. and alfo the fines of all the inclufive arches to every 
10 deg.) The fine of any other arch whgtfoevermay be 
readily calculated, provide it fall on an even number of 10 
min. without having refpeft to the focceffive order afore- 
(kfd, for then no arch in the quadrant can be propofed but 
it will be within $dcg. or fefc of fame fafewn fine, and by 
confequence the fine and co-fine of the arch of difference be- 
tween the arch of a known fine and any arch propofed, 
will be alfo known. Therefore the arch of a known fine be- 
ing made xhc uriddlemoft of 3 equi-different arches, the 
fines of any fonc orj two arcnes,$ deg. or lefs equally re* 
mote therefrom on each fide may from thence be found by 
the twofbllowing proportions, v\\. 

u As the Radius : Is to the co-fine of the arch of diflfe- 
rence ; : So fe the Gae of the mean, or tmddk arch t To 

the half fum of the Sines of the extream arches. Again 

• • » « 

2. As the Radius : Isto the Sine of the arch of difference: 
So is the co-fine of the middle arch ; To the half difference 
of the fines of the laid extream arches. - 

The half difference of thofe fees added w their: half 
fum, gives the fine of the greater * and fobftra&cd leaf es the 
fine of the kffcr rf thofe extream Archer' 4j)fci the whole 
difference added to the fine of the leffcr makes the greater $ 
or fubftraded from the fu?e of the jveafler, makes ^he toiler 
of the fines of the extream arches, \ ' ' 

Or, The fiibftance of thefc two proportions may (Tor age* 
ncralftulej he thus expreftas a confeftary therefrom. 

Multiply the line of the mean arch, and the co-fine of the 
arch of difference together, alfo multiply the co-fine of the 
middle arch, and the fine of the arch of difference together. 

• ": The 
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Thcfum of thofe two produds divided by the Radius, gives 
the fine of the greater, and the difference of thofe two pro- < 
«lu£h divided by the Radius gives the fine of the lefler of the 
cxtream arches. 

Ftrfi Example; 

The fine of 4$ deg. being found to be 70710,678, To find 
the fines of 44 deg. 40*min. and 45 deg* 20 min. here 20 
.nun. is the common differendc whofe line is $81,773 and 
co-fine 999983308. * " • 

» 

1. By the former of the two lad proportions, Tofindthq 
half Aim of the fines of the cxtream arches 44 deg. 40 min. 
and 45 deg. 20 min. . 

As ioopQOiOoo- : 9999&308 : : 70710,678 : 

Anfa. 70709,481 thehaif famctf the fines of the exftreatn 
arches. 

■ 2. By the latter. 6fthetwopr6portionsaforefaid, To find 
the half difference ef the fines of the extream arches. 

As 100000,000': 5819775 : i 70710,678 ; 

Anfw. 41 r,37 $ the half difference of the fines of the ex- 
tream arches. 

i The 4 fum is~— 76709,a£n ofthefinesof4$dcg.20rain, 
: The 4 differ. is •— 411*37$.) and 44d«4o m. 



***** 



Sum is 711 90^8 $6 the fine of 4 5 deg. 20 m. 
Remain is 70298)106 the fine of 44 40 x 



Mi Spcond 
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• . • Second Example, ' 

The fine of 60 dcg. is 8^02,539 and the co-fine thereof 
fche fine of 30 dcg.) is 50000,000. To find the fines of $9 
d. 50 m.and of 60 d. *o m. here 10 mis the common diffe- ; 
rence whofe fine before found is 290,887 and co-fine is 

99999>*77' • ' 

1. For the half fum of the fines of 59 deg. 50 min. and • 
60 deg. 10 min. . 

As 106000,000 : 99999*577 .' : 86602,539: 
^ Anfw;86dx>2,i 727 the half fiun of the fines of the extream • 
arches. 

^ 2. For the half difference of thofe fines. 

As ioocoOjOoo 1^90,887 : ; 50000,000 : 145,4455 ' 
j (the half differ. ' 

Anfw. the half fum is 80603,1727") of the fines of 60 dcg. 
The half difference is 147,443 5 J 10 m.and 59 d. 5am. ' 

The (bm is - 86747*0*162 the fine of 6o*d. 10 m. 

The Remainder is 86456,7292 the fine of $9 d 50 m* 

Alfo putting 30 deg. for the middle arch. 

The fine of 29 d. 50 ra. is 49747,873. I 

And the fine of 30 d. 10 m. is 502 51,764. 

After the fame manner may the reft of the fines for every 
1 min. be found oti each fide of 3© d. to 2 5 <L add to 3 5 d. 
And .then putting 20 di for the middle arch, proceed there- 
with and find the fines on each fide thereof, for every 10 m. 
to 25 d. and 1 5 d. and foon for 10 d. 40 d. &c. > 

Furthermore from a due consideration of thefe two laft 
proportions, for finding the half fum and half difference of 
the fines of the two extream arches it is evident that this far- 
ther improvement may be made Which will not a little con- 
duce 
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duce to the facilitating the calculation of the third part of 
the quadrant, as follows, 

And firft it is to be noted, That the chord of do deg, is 
' always equal to the Radius, ptrtbe i$th.oftbe 4th of Euclid. 
And confequemly thcfme of 90 deg. being«haif the chord of 
6o»deg. is equal to half the Radius, viz. $0000,00, &c. . , 

In the latter of the two proportions aforefaid, let it be 
required to produce the 4th. term to be the whole differ, of 
.the fines of the excream arches, then muft either one of the 
middle terms be doubled, or (which is more convenient} 
make half the Radius thefirft term, being equal to the fine 
of 90 deg. (as aforefaid^ the co-fine of 60 d. 

Therefore if 60 deg. oe made the middle arch, by reafon 
of the proportion of equality between the two fir ft terms (i. c. 
half the Radius and the co-fine of 60 deg.) it confequcntfy 
follows that the fine of the arch of diftance of each of the 
CKtream arches from 60 deg. is equal to the difference of the 
lines of thofe extream arches. Therefore the fine of one 
being known the fine of the other is had by Addition or 
Subfiraftion. 

For ioftance, Let the three arches be 59 d. 56 m. 60 d. 
and 60 d. 10 m. Then the fine of 10 m. (the arch of dift- 
ance} is equal to the difference between the fines of $9 d. 

50 m. and 60 d. 10. m. • * ' • 

Therefore unto 864 $6,7292 the fine of $9 d. 50 m. 
Add ' 290,8877 the line of lo'ta. 

The fum is 86747,6169 the fine of 60 d. 10 au 

Alfo ("from the fame reafon ) the fine of 20 m. is equal to 
the difference between the fines $9 d. 40 and 60 d. 20 m. So 
that the fine of 20 m. added to the fine of $9 d.40 m. makes 
the fine of 60 d. 20 m. Likcwife the fine of 1 d. is equal to 
the difference of the fines $9 d. and 61 d. $4. is equal to 
the difference of $$ d. and 6$ d. 10 d. is equal to the diffe- 
rence of $0 and 70 d. and fo on, always retaining as the 
middle arch. 

, M 3 Hence 
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Thus far concerning the Conftru&ion of the Tables of Na- 
tural Sines, to wit, Right Sines and not the Verfed Sines, 
for the verfed Sines, as alfo the Chords aae feldom ufedin 
the refolndon of Triangles, and thereforeTables thereof axe 
needltfs and more especially in regard they bpth may be cafily 

obtained by the right Sines, as follows \ 

i 

Ejrft, Qbfervc that the verfed Sine of an arch lefs then a 
quadrant with the right Sine complement of the-fune arch, 
arc together equal to the Radius 4 
'' AsipFfg. 22. The verfed Sine nc with the right Sine pf 
its complement' enfequar TO) is equal to* the Radius ec, 
and therefore the right fine complement of any arch or angle . 

• fubftrafted from Radius leaves the verfed fine of that arch. 

Secondly, The verfed fine of an arch greater then a qua- 
dbit: is equal to the right fine, of the excefs of the fame 
, arch above a quadrant added to Radius. 

As in Pie. 22. The verfed Sine a n is equal to die Radi- i 
us^ao added to en the right fine of the excefc /equal 
TOJ and cotofequentiy the right Sine of theexcefsof any 

* arch or angle above a quadrant, added to Radius* gives the. 
verfed SiBe of that arch. Likewife the chords are thus had 
by the right Sines, the Sine of an arch is (as already defined) 
halfthecjiordof the arch doubled, and therefore the right • 
fine of any arch or angle doubled gives flic chord of the dou- 
ble arch. ' 

As for inftan.ee, the Sine of 10 min. doubled makes the 
- chord of 20 roib. the Sine of $ deg. doubled makes the chord . 
of 10 d, the Sine of 20 d. the chord of 40 cL &c. , 

-Note, That in making the Tatto of the Natural Sines to; 
pfeat accuracy. The calculation ought always to beconriuu- 
ed to 4, 5, 6. or more placed then the afligned Radius of 
the Tables consifts of 'to the end that the fractional part of 
efety divifion or extraction may be fafely neglected without 
trending any erronr in the following operations. ; 
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■ . « ■ 

By tbi Tables of Natural Sines 
to maty the Tables of Natural 
Tangents and Secants. 

HAvjpgthe Sines, the Tangents anf Secants, may from 
* them be calculated by the, following proportions, vi\. . 

. For the Tangent it holds, 

As the co-fine of any arch or angle : Is to the Sine thereof > 
So is Radius: To the Tangent of that arch. 

► 

For the Secant fay: 
As the co fine of an arch or angle : Ts to Radius :: So is 
Radius : To the Secant of the fame arch. 

Firft Example, Let it be required to find the Tangent and 
Secant of the arch of 30 deg. the Si.nc of 30 deg. is $0000,000 
and the co-fine thereof ("or the Sine of 60 deg.) is 86602-539. 
Therefore, To find the Tangent of 30 d. the proportion is, . 

A Co-fine 30 d. Sine 30 d. Radius » 

86602,539 : $jpoo,ooo : : ioooqo,oqo 

To $7735)028 ttte Tangent of 30 deg. required. 

And to find the Secant of 30 d. the proportion is, ■ - 

\/ Co-fine 30 d. Radius. Hadius. 

- 86^02539 :• 'Iooooo,oqq : : iooooo,qoq 



Anfw. 1 1 $470,00$ the Secant of 30 d. require^. 



Se- 
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Second Example, Let it be required to find the Tangent and 
Secant of do deg. * 

Firft, For the Tangent. 

* Co-fine 60 d< * Sine £0 d. ^ . Radius* 
50000,000 * $6£o2,$39 i : iooooo;pod 

Anftv. 17 320 $,07%the Tangent of 60 d. required. 
Secondly, For the Secant of 60 <L 

■ 

* A Co-fine Radius Radius 

$0000,000 1 00000^000 ; : 100000,000 : 

Anfvr* 200000,000 the Secant of 60 &. require!. 
The like method obferve for at*y other. 

Several more proportions might have been added conduc- 
ing to the calculation of the Tables aforcftid, but thefe alone 
arefufficient fdr performing the whole Cannon, And fuch 
whole genius and curiofity prompts them to a further inquiry 
hito thefe matters, may have recourfe to larger volumes, 
which ba^c been heretofore mentioned as well for the ufeof 
1 thofe Numbers in Trigonometry 9 as alfo for other ways of 
their cooflru&ion, and now it remains to (petik fpmething of 
logarithms. #/ 
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IN this place (before we infift upon the Conftru&io» of 
the Tables of JLogarithms) it may not be amifs (though 
adigreflion) to give a (hort definition and explication of 
Progre(fion,fo far as is pertinent to our prefent puppofe as bet- 
ing irttrodudory to the fubjed of Logarithms. x 

» « T 

1. Progrcflion C here^lntcnded; is' twofold, i. *. Arith- 
metical and Geometrical 

• 2. Arith- 



»• 



' 2. Arithmetical Prbgreffion or Proportion is cither conti" 
Med or imetxupted. 

5. Arithmetical Proereffion continued; or continual pro- 
Jxurtion Arithmetical : Is, when a rank of Nmnbefs do conti- 
nually either* incrcafe or decreafe by equal differences, as 
thefe ranks or fuch like. 

h h 5i 7>*. fi **> *3» I5i *& incieafing^ 
i$, 14, 12, ro, 3, tf, * 4, 2, &c Decreafing* 

la the firft rank there is a continual increafe, and in the 
Second a continual decreafe ty 2, which is called the com- 
mon difference or exccfs, ' ' 

4. Arithmetical Progreffionimerrupted or difconrinned is 
when four Numbers are propofed having the fame difference 
between the lit. and 2d. as between' the 3 d. and 4th, but not 
retaining the like difference between the 2d r and 3d. as thefe 
2, 4, ft, 10. here 2 and 4, being compared with 8 and 10 
. do differ by the like excefs to wit 2, but fodoth not 4 and 8, 
the like under Hand of $, 9, 17, 21, or any other of the like 
forr. 

And this kind may not unfitly (Tor diffinftion fake) be 
called Arithmetical proportion, and the other kind (being 
* continued fetiesof Numbers equally differing) Arithmeti- 
cal Progreffion. 

1 $. In Progreffional Numbers, whether Arithmetical or 
Geometrical. The firft and the laft terms are commonly 
called the extreams, and the middle terms are called means. 

6. Any Three Numbers being popofed in Arithmetical 
proportion or progreflion, the double qf the mean is equal 
to the Aim of the extreams. 

As ifthetfiree Numbers be <$, 9, and 12. here the double 
of 9 (the!meanor middle term) is equal to the fum of 6 
and 12 (the extreams.) Therefore, 

If from the double of the mean, either of the extreams be 
fubftira&ed, there will remain the other. 

7. Any four Nfmbers being propofed in Arithmetical pro- 
portion or progreflion, the fum of the two means is equal ro 
the Cum of the two extreams. Thus 
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Thus 6, 9> 12 and 15 being given) the fum of 9 ami 
1 2 ("the two means) is equal to the fum of 6 and i<> ("the two 
extreaop) the like understand of 13, 17, 21", and 2$, or 
any others of thisTcind. Therefore, If from the fum of the 
two means either extfeam be fubftraded the remainder is 
the other. 

8. Geometrical Progrcflipn or Proportion, is either conti- 
nued or ipterropted. ' '] 

9. Geometrical Progreffion continued or continual pro- 
portion Geometrical, is when a rank of Numbers, do conti- 
nually either increafe or decreafe by the like proportion 9 i 
that is according to one common muhipl jer called the com- 
mon ratio, as in thefe or fuel* I ike, vi\. 

1, 2, 4, . Bt i£> 32, &e. increafing. 

• « 

3, 6 y 12, 24, 48, $>6", &c increafing. 

* * • ! 

128, £4, 32, 16*, 8, 4, &c. Decreajpng. - 

1 
In the two firft ranks 2 is the common multiplier, and in < 

thclaft, 2 is a common divifor or (which is the fame} 4 is 

the oomn^n multiplier. v 

io„ In a rank of Numbers continually increafing from r, 
by Geometrical Progrefliqn/The firft term after i,is calledthc 
root tide^r firft power; the fecond is called the fquare or fe- 
cond power ; the third the Cube of third power s the fourth 
the fourth power ; and fo on by the denomination of po- 
wers, as the $rb. 6i\\* 7th. power, &c. ( 

As in the firft collumn of the folloxving Table where the 
root ch; firfl power is 2* and in the fecond coUuxn the root 
is 5. ' * ■ , . • . 

if; Thefe powers are produced by a continual roultiplica- 
rionof the root (which js the.common multiplier.^ Thus, 
thereof fquared, produces the fquare or fecond power and « 
that multiplied again by the root produces the Cube or third 
power,' and that again by the root produce* the fourth po-. 
wcr: and foon each power being multtolicd by the root 
produces the power next above it. And the numbers com* 
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pow. 
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exp. 
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9 f 2, 
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27 


3 


\S 


81 
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245 
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*4 


729 1 * 


128 


2187 t 7 


* 2$<5 


<*y5i 
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$12 


196$$ 


• 9 


1024 


59049 


to 


&c. 


&c. 


&c. 



3nt> Geometrical^ 

1 prehended between 1 and the 
power )*ft produced are called 
Geometrical mean proportionals, 
and excluding the firft term 1, 
and the root, ail the reft are 
called a Series, as being form'd 
from 4 ^continual multiplication 
of the root as aforefaid. • 
1 12. As the fcveul* powers of 
tf.e roots 2 and 3 in the forego- 
ing Table are form'd by conti- 
nual multiplication , after the 
like manned may the powers of 
any other numbers be form'd, 
being taken as a root, as 5, 25, 
12$, 62$, &e. or 6 9 3<5, 21$, 
1296, &c. • 

13. To thefe 'powers if is ufual toaflign a rank of num- 
bers in Arithmetical progredion from unitV, 1 being both 
the firft term and common exctfs, and thcte are called their 
exponents or indices, as (hewing the diftance on feat of each 
power from unity. As in the third collumn of the preceding 
Table to 1 is aflfigned o, to the root i> to thefecond power 
2, to the ad. power 3, &c. 

14. The Addition and Subftraftioo of thefe exponents an- 
fwers to the multiplication and divifion of thofe powers 
themftlves, to which the exponents refpedively belong, 
that is, 

1 5. The fum of the exponents of any two powers is equal 
to the exponent of that power, which will be .produced by 
the multiplication of the faid powers. Thus in the foregoing 
Table, the fum of 2 (the exponent of the fecond power} 
and 3 (the expo, of the 3d power) is $, which fcews, that 
if the 2d and 3d power be multiplied together they will pro- 
duce the 5th power* The like underftand of any of the 
reft. 

16. Alfo the difference of the exponents' of any two po- 
wers, is equal to the exponent of the quotient when the 
greater ol cnoTe powers is divided by the lelfer, which quoti- 
ent 
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cdc will be an inferiour power lefs then the greater of the two 
former. Thus the difference between 8 and 3 is $, which 
imply es that if the 8th power be divided by the 3d the quo- 
tient is the 5th power the lane is to he underftobd of any of 
the reft. ^ 

17. Geometrical progrefsion interrupted or difcontiouedi 
is when four numbers -are propofed, having the like- fcafoa 
or proportion bef ween the firfVnd (econd, as between the 
$i and 4th terms, but not retaining the like reafop between 
the fecond and third, as in thefc 3, 6', 8 and i<5, here 8 
hath the fame reafon to 16, as 3 hath to 6% (2 being' the 
common multiplier in each) but 6 and 8, the two means) 
have not the like reafon or proportion between them, trie 
fame uhdetftood 7, 21, 12 and 35, and of all other num- 
bers under the fame qualification. 

18. And rhis kind of Geometrical progrefsion may be ra- 
ther called Geometrical proportion, and the other, kind 
(which is a tries of ntimber continually increafing or decrea- 
sing by the like rate or reafon) may more properly be term- 
ed Geometrical progreflion. , Not but that each are propor- 
tional numbers , but one; being in a continued progrejfive 
order and the other not. 

19.. Any three numbers being* propofed in Geometrical 
progrelfion or proportion, the fquare of the mean is equal 
to the produd of the cxtrcaros. Thus if three numbers be 9, 
12 and i6\ thefquare of j2(theraean) 144, is equal to the 
procjuft of 16 and p (the extreamsj the feme properties 
nave d, 12 and 24, $ce. Therefore if thefquare of the mean 
be divided by either of the exsreamS) the quotient is die 
Other. 

20. Any four number being propounded in Geometrical 
proportion or progreflion, the product of the two means is 
% equal to the product of the extrcams. Thus 6, 9, 10 and 
' 1 5 being given the product of 9 and 10 (the two means) is 
90, and fo is the product of 6 and 1 $. the fame undcrftand 
of 3) 9> 27 and 81, &c Therefore if the produd of the 
two means be divided by either ©f the extreams the quotient 
is the other. 

zi. And from hence arUcth that excellent Rule in Arith- 

/- ' metick 
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metick called the Golden Rule or Rule of" Three, in all tip 1 
operations whereof three proportional numbers are known, 
and thereby a fourth unknow is found out. 

33: The numbers of Multiplication and Divifion are pro- 
portionals* Thus in Multiplication it holds As 1, is to one 
of the Fa&ors, So is the Other ; to the prbduft. 

AtidinDmfion.ithoMs. Mthe Divifor istoh feisthe 
dividend to the quotient. Or as the Divifor is to the Divi- 
dend. So is 1 to the quotient. 

24. Four proportional numbers are ufually diftinguifhed • 
whh points thus * 6 : 9 : ■ : to 1 i$, &e. 

' 2$. Furthermore. As in the 14, 15, and \6 foregoing , 
Addition of the exponents anfwors to the multiplication of 
their powers, and Subftraftion to Divifion. The fame hotos . 
if to "any other rank of numbers in Geometrical progreffiori, 
be afligned any rank of numbers in Arithmetical progreflion, 
via;, the. Addition and Subftradkra of the latter anfwers to 
MulnpticattonandDifiTionof the former, from which nod-* 
on the Logarithms takes their rife % which was the caufe of 
prefixing rhisdifcourfe of progreflion by way of preface to 
the Logarithms ; being fo much thereof as fecms neceflary, 
for' their better iUuftration. And as to fuch Arithmetical 
queftions as ufually belong to Arithmetical and Geometri- 
cal progreffion^ they are on puipofe here omitted,* as being 
left material to the Subjeft of Logarithms, and becaufc of 
defigncd brevity. I (hail refer for fuflh cheifly to Dn wtLtti$\ 
Opus Arithmticum-,ot for want thereof to Mures Arithmetic^, 
Wingates Arithmetic^ by Ktrjq, and dims others 5 So with 
thus much concMk both kinds of Proerolion. 



Of 



>7* 

•t 

t 

Of LOG AKITHMS. 



Firft ? Of the Rift and Nature of 

■' Logarithms 

• 

AS the firft Famous Invewer of the Logarithms the Ho- 
nourable Lord 'Neper of Scotland, together with the 
Learned and Laborious Mr»;Hnrr Brigs,: who afterwards (by 
the joint content of the Author) reduced them into a better 
form and complcared them. 1 fay as to thefe Worthies 
though much is doe yet httle need be laid of their praifc, 
which has long fmce (to the great credit of them and their 
Nations.), been fpread through all or moft parts of Europe, 
and many other parti of the World inhere Science is promo- 
ted: Their labours vm. continue their fame to pofterity, 
Dor can their Names arid memory ever dye, as lortg as thofe 
their mopurnencs the Logarithms remains in being : Nor need 
I here infift upon Ic ufafulnefe of thofe numbers which is 
fo general in all the partsof the Mathematicks, and efpeci- 
ally in regard fo many Treatifes have already been publifhcd 
in our own Language, and therein their ufes very largely 
exemplified; What is here intended concerning Logarithms 
is fome(hing df their Original and Nature, but chcifly their 
'Xty aftra&ion or making. 
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Secondly , Of the Original' and 
Nature of logarithms. 



Lm , 
Gjgarithms are borrowed Numbers in Arithme* 
tica! Progrcflion, fitted or aflfigped to a rank of 
Numbers in Geometrical progreffion.' Therefore* any rank 
of Numbers beiog given in Geometrical progreffion to them 
may be annexed for Logarithms* any rank of Numbers in 
Arithmetical progreffion* at pleaftr* 

As in this Table, in the firft 
column thereof, is a rank*of • 
numbers hi Geometrical pro* 
greffion from i. Now to thofe or 
to any other rank of proporfc 
onals may be adjoined for Loga- 
rithms either of thofe ranks in 
the 2d* **d J dxol. or anv other 
rank of equi-diflcrent numbers 1 , 
but thofe are mod commodious 
for uie which have o aftigned for 
the Logarithms of Unity. 

Jhefc Logarithms or Artificial 
numbers being thus contrived ' 
and affigned to ^proportional 
numbers and refpeftitely fufcfti- 
tuted jroftead thereof \ thofe 
eonclufions which in thepropor- 
tipnal numbers are wrotght by 
Mul^plicacion and Divifjori, may be performed by the Ad- 
dition and Subftraftion of their correfpondent Lrfgfrithms % 
aix^ie extraction of roots to fte proportionals may be <ff- 

N ffc&cd 
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frfted by Dmfion and did produ&ion of powers by Multi* 
fixation of jhcir correfpodent Logarithms ; for from the 
aforafaid Definition and explication of Logarithms thefc 
confequciiccs fbllow. 

i. Of four numbers in Geometrical proportion, The Lo- 
garithm of the firft. being fubftra&cd from the fum of the 
Logarithms of the 2d. and 3d. (he. remainder is the Loga- 
rithm of the fourth. 

This is clear from the 7th; preceding of progreffion Arith- 
metical. 

Example. 

Let there be given tjirec proportional numbers as 4, 1* 
and 32. To find the fourth, 



The Proportion is 9 
As 4 . Log* 


2 : 


To 16 

Sob 32 


4 
5 


« 


9 



T0I2& 



f 

Here the futn of 4 and 5 (the Logarithms of the 2d. and 
3d.) is 9 from which abating 2 (the Logarithm of the 1 ft.") 
there remain 7 the Log. of (i2£)the 4th. number which 
wis required. 

V 
t • 

2. In Multiplication tjie fam of the Logarithms of the 
Fadors is equal ? o the Logarithms of the produft. This is 
evident from the 23d. foregoing of Geometrical progreffion. 

< 

Example. 
Let the Faftofs be 32 and 8, to be multiplied tdfe- 



t 

•J 



• floe Proportion is i 
As i Log/ 
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to 8 'a 

To 2$5 # 
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Mere bearofe the Logarithm©/ i (the ifL .mynberj * 0j 
therefore 8/chefum of g and $ (die Logarithms of the *d. 
and 3d.) js the Logarithm of'256 the produft. , . - 

3. fcDivifion. The Diftrencc of the Logarithms of the 
dividen4 .an4 divUbr is cgqal.to tfceriogarithm of tW? 
quotient: * . ■ 

This' is alfo raanlfefl: from (he ayU of Geometrical pfo* 
greffion aforefaid. 

Example* 

s Let % $6 be derided by $•" ! 

Tfo Proportion^ 
*£a8 : Log. 






./ « •». 
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: " * • '/.*.... ^'»t': -; v)^ 

Here becaufe fhe Logarithm of 1 (the 2d. number) is 6, 
therefore 3 (the Logarithm of the ifh or divifor,) fabftraft- 
1 ed from 8 (the Lo^arithm-of Afc 3*. or dividend; leases 5, 
i the Log. of 32 the quotient; _ , , . ., v ... . 

' > ■ - . ; * -• ? r 

I 4. In the prodiitfibn of Jfe^eri ojfflufeliefei '. .the Jtogjt*. 

I rithm of the root mufejpfied By/the exponent or^e power 
gives the Log. f the tirtt potter. ^ !. .• , 

^ This is obvious from the juth.'and .1 <th/ of Geometrical » 

>. Progrefiiom • '?•'■• k ' 

N 2 £jmj»- 



« • 
■" Example. # 

let 4 be the root given, toqfind the Square, Cube 4th. 
power, &c. thereof. 

If 4 be put for the root theft its Exponent is 1, and confe- 
quently the 2, 39 4. &c are the exponents of the other 
powers thereof in their rc%cfti ve order. Therefore 

Id the 1 ft. columtr of the .preceding Tabic of Logarithms* 

The Log. of a is 2 

Which mult, by 2 thecfcp.ofthe Squ.or 2d. power. 

t- * - * * 

produces 4 the Log. of m6 the ftp. or 2d* power. 



». 



Again a the Log. of the foot. 

Mult, by 3 the exp. of the Cube ox 3d. power. 

produces 6 the Log. of 64 the Cube, or 3d. power of 4. 

The Eke may be performed >for in J other power of 4, or 
for the powers of any other number. 

<j. Inthe Ex tnftion of Roots. The Log. of the power 
divided by its exponent quote* the' Logarithm of the root 
refpediyely. 

This is Converfe of the former, and obvious from the i£th« 
of progreflion Geometrical. 



Let 64 he given to find the fquare or Cube root thereof. 
Here 6 (the Log. of #4) divided by. 2 C*h ccx P> of the 2d. 
power) quotes 3 the Log. of g, and therefore 8 isthefqu. ' 
root of 0*4. Aifo 6 divided by 3 (the cxpon. Qf the 3d. po- 
wer) quotes 2 fhe Log. of 4. Therefore 4 is the Cube-root 
of 04 : the like method obferve, for finding the roots of any » 

other ' 
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other power, or numbers commenfurable by their roots, and 
thofc prececding condufions or operations which are per- 
formed by the Logarithmical numbers in the 2d. column of 
the preceding Table, may alfo be performed by thofe in the 
3d. column,, or by any other rarik of numbers in Arithmeti- 
cal progreffion. - 

And as thofe numbers either in the ad. or 3d. column of 
the Table aforefaid, may be aligned for Logarithms to the 
rank of proportionals in the firil column, fit the like man- 
ner, may thofe' for any other of the like fort,) be afligncd 
for Log. to any other rank of proportionals whatsoever. 

Note alfo* That thoughthe preceding operations in divifi- 
dn and extra&ion of Roots are performed only in fuch num- 
bers as are commenfurable by their divifors androdrs. Yet 
the fame holds and may be effefted in Numbers that are in- 
commenfurable by the help of a large Table of Logarithms, 
vi^. Such as are in Brings his fygmtbmka Arithmetic^ or in 
Ciliibrands or Ntwtons Trigonometric Brikanica> and divers 
others. y : 

♦So judging thus muchfufficient to illuftraj&che foundati- 
on and nature of logarithms we wilt now^ proceed to fpeak 
of their Conftruftion or making, as they ijre yuhe Tables 
bow generally ufed. .'- -•• - • ■ 
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Thirdly^ Of tie CorfilruUidn of 
hwarithrnsi 



ALfchough (or hath been already fawn) feveral kinds of 
Logarithms might be afsigned for the fame proporti- 
6nal numbers, or feveral proportional numbers to the fame 
Logarithms) yet thofe are found mott commodious and ape 

. N 3 . ior 
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for (be ufe ia all Arithmetical operations, which (h^'Bg* 
iCypher, for the Logarithm of unity) are freed co a rank of 
numbers in Geometrical progrefsioo incrcafing from unity 
l?y a decuple proportion, as thps, 1 with competent nun* 
. bet of cyphers annexed is tfie Log. of 10 * 2 with the like 
number ot cyphers for the Log. ioo, andfo.ou asm tbefblr 
>jwjy Tabic. : ....,-, 



^Numbers. 



Logarithms. 
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100 
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I 00000 
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0,00000 

j ,60000 
2,00009 
'^ooooo 

;";'4,oo0dp\ "• 
5,00000 

•-'^boto'fto ' 



tn die ftrlt cotumri is a rank of proportional ftui^ber^ in*- 
creating from 1 . in a Ten-fold rcafon ; In the fecond column; 
is their refpe&ive Logarithms wherein 1 orf rather) 1,00000 
is their coinnwivdifference^ ... 

To thefe proportinal numbers, vi%, 1, io» ioo, Sec in 
the firft colum are afsigncd for Logarithms the numbers 1,2, 
•5. See. inthe 2d4Colum»^ithaf m«jiy^pher»anneiced:ras 

aye tftfctiumW/o/$*c&d*fi&^ 
rfrconfift of, and chofe Cyphers may ^10; improperly J be 
efteemed as decimal places. So ^ar\tbe j^tfiR^iDsJ|}ereby 
becomes mixt njim^ers whofe integers (which & always the 
firfl figure in each towards the left hand; being feparared 
1 from the decimals by a point, are called the Ch a rafteri flicks 
or Indices of the Lpgaiithn^s^be^M^t (hey (h^w the difl^ce 
or feat of their correspondent numbers from the units place. 
as bqing always lefc by an unk thef the number of figures or 
places (he natural ox abfplute, number, belonging thereto, 

• . " ' '. - ;' dot^ 
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cloth confi&df, thus tfic index of the Log. of all W~~ers 
«ndcr 10 is o. The index of the Log. of alf -numbers be- 
tween 10 and 100 is i, of all between 100, and 1000 is a, 
Sec. The Logarithms being thus aflumed to be' mixt num- 
bers, it follows, that the Logarithms of all numbers between 
xand 10 begin from o. and are confequently left then an 
unit. The Logaof all between io and ioo begifrfrom i and 
ardtherefore greater then i but lefsthen 2*ndfbonittth^ 
like order fucccfeivcJy. 

Having thus afsigned the Log. of I, to, 160-, &c; tobe 
0,00000, 1^50000, 2,00000, &c. as in the preceding T** 
ble, by thole to find the Logarithms of all the ihclufive inte* 
gra! numbers between i and 10,, as 2, 3, 4,^/6*,- 7 8, 0, 
thofe between io srad 100, as ii, 12, r j, i j, %$ } &c. is 
the fubjeaofthcenfuing part. ~\ . 

v. , . ( ! I » . 4 ■ I J • 

The old way of makitigtfiem was (oy the ntft inventors/ 
thereof ^fore-mentioned) laid tiowh by the extraction of 
many roots, thereby to find fo many contirtual mean propor- 
tionals until rhc.number of cyphers intercepted between uni- 
ty, and the firftfignificant -figure 6f the fraftibnj] fait, was . 
eJjual to the* number of pladestbat the intended fable of 
Logarithms fhould cbhfift of. And to rhofe proportionals (0 
many Arithmetical means wis to be found/ for tibgarithnKf 
refpeaivay. • ; ; 4 , ./. ; * 

Another method was by cbmfoual Multiplication, ' which 1 
T>T.Jfwton profecutes in his Trigonometric Britanica; dedu- 
ce< * ( ^s he intim ates in his _,PrefaceJ from the $th. Chapter 
of tfriggs Arithmetica Logarithmic a, but both" thefe ways was 
very lafeoriouMs well as tedious } \vhich< |pooftdci:ations put 
many ingenious men and able Mathematicians^ pon antn- 
c^iry aikr diligent fearch for finding out a, mpre expeditious * 
way, then what was, then known.* Whereupon^ One Mr. 
James.Gregory of Scotland in an excellent fmcll Trcatfle'of his 
caJlcd, Vera Circuti& HyMrbol4^iMdriUiiYk^?tmtcd^^^^ 
in the year, \6 doth meV how ^vvitfi great accuracy j to 
produce Logarithrnrcal numbers (by fquSrihg the Gedmecri- 
cal figure called the Hyperbola') 'to any nuni&r 4 of place de-" 

N '4 N &ed 

t 
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fired, and that with more cafe and fpeed, then by any *f 
.the methods before'knowny and thefe numbers he calls hy- 
perbolical Logarithms. The fame or like method was purfued 
by Mr. Niche}** Mrcator, in a foiall (but Learned J Trcarifc ^ 
of hi> Intituled Lofmtbmottcbriia, Printed at Unww in' the 
year 1&68. and by fpme new properties which he then dit 

1 covered in. the HypeM*, did from thence Reduce the, find 
hyperbolical {^ganthens with more cafe and expedition +cn 
by (?r^>/smethod,afcer that in the fame year i668.Thc (aid 
Jams Grigwy reafiiimed the fame fubjeft, and made farther 

• improvement and deroonftration thereof according KoMnear 
for/ method, and this in an ingenious Treatife of 0ttgor/« 
poblifhed i>y the Title of Extrckatiom Gtm&rk*, which 
method is now generally accounted the beft,uuoa further 
Explanation of Grtgwfs method (in his Exmitatims Gto- 
Wtric*) hath been lately pubhflted in EngUfb by Mr. £«4f. 
Sptidal fall the former of Griiorfs and Afercattr being in* 
LatiqJ with a Geometrical figure tor demonftraqon, of affi- 
nity with the /ftperhota. The fame method (as deduced 
from the aforefaid Treatife Zxircitatiow Gtomttrict) I fhajl 
here inii(| upon referring the more inquifiqve or intelligent 
Reader $6 the faid Treatife for Geometrical demonftrarioa 

'thereof j and contenting my felf . with the Numerical or 
Figurative part of the work in this (mail Treatifejbail wave 
all further difcourfe hereof, qnd only endeavour to lay 
down the Rules, and explain the operations thereof in as plain), 
a^td intelligible terpts as pqgibly I can, confidering the 
Subjeft. ' " 






To mqk$ the Hyperbolical Ltfgarittfa of any 
JsQtmber^ the General Rule may be briefly 
: laid down thw : 

TO, the given Number add 1 for a denominator or di vi t 
for* and from the given number Subfiraft 1 for a 
Numerator ?r (fivi4q»4 S t^cn of the vulgar fraSioo hence 

rclult- 
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4 

jefultfngcompofe all the odd powers thereof, which will be 
a feries of proportional numbers, and "divide thofe powers 
by their fefpe£tive,Exponehts, to wit, i, 3, $, 7. &c. The 
gun of all thofe quotes (being reduced firft into their JcaiV ' 
terms and then into Decimals ) is hajf theffyperDoIick Log*, 
rithm of the pumber propofaj? and from thofe Hypejrb. Log. 
thus found, may the Tabular Log. now generally ufed, be 
cajfijy obtained, as (ball thereafter be (bown in its due place. 

— 1 • 

FirJ? Example. 

Let it be required to make the Hyperbotick. logarithm 
of 2, according to the Qcocrai R»k. To the given number 2 % 

1 add 1 the firm is 3 for a denominator or divifor \ and from 

2 fubftra&ing 'i, leaves 1 for a numerator or dividend, then 
1 divided by 3 is }, fo that the vulvar fraction hence rcfult- 
ingis j, and t>e (craaf <£M powers of j are as by their 
odd Exponent oXus, c : ^ * 



Expoo. I, 5>j4./ ;?>' 9> ^ 

Powers. J,^ ° ^. ■£&>* irk* T3?rp *«. 

■— ■ • • • — . 

That thofe po^erA" arcpfeporrionals is cviJem from. the 

pth. of Qem frognfjion foregoing, in that they "have the 
fame common ratio or qiujti^ie^ i. e. i thefquare or 2d. 
. power of f, andjby the 1 §. of Oeom.Prog.\ts apparent t bar all 
thofe odd powers may be fortnc^ by a continual multrpiica- 
rjonof J bfy its(quareor2d."Oower, Thus, 



#•• 



Expon. 
Powers 



fr 



Thofe Powers being divided by their refpedive Indices or 
pxponeBrs, which according to divifion in vulgar Fractions, ' 

.is 



• '1 



185 %\t Ctmftr trtion of t&e SCaMcs 

? • • • * . 

is only multiplying t|ic federal denominators, by their cor- 
fefponding exponents refpettively thus, 

. which done, the ferert! quotients, Are, 

feC 

• Thefe quotes being Reduced into Decimals, are 

T -== ,333333333, &c. 

T*Tr == ,00082304$. ..-. 

TTt4- vf — ,0000'05^45: 1.. - -;-. ' 
T**7-*TT = ,000000513 . . 

^T*J-W ! '5= ,000000048 ' •• 

.*»*Th-*vr" .«= >OQOoooo05 , , 



^p***»^ 



4£hrh^pi- tog. of 2 ^sss ^$4^573589 

-'■••* r I • -, 

•*-►♦- T f A '— » ' ~ — 

• *",•■■ * . " 1 * * 

Tfa Hyft iog.of 2 i? =■? ' ,$$ 1471 7$ 



J« j | M I O p— W^W* *BHl^M# 



By the Aqg-rof 2 mar; $fo Logarithms of all the powers of 
2 be cafily made, i/k Thfelaigrof 4, 8, 16, 32, &c. but 
this I fhajl fcfcrrfll IfteY I, have thown how fry the Hyper- 
bolick Logi "of 2. To find the Tabular (or Briggs's) Lo- 



* # 



•'•-'•,- - - . , . .. ■ 

And here Note, That though this method for Calculating 
the hypcrbplick Logarithms, by the general Rule aforefaid, 

be 



i 

f 



fc both eafie certain, and expeditious : and may therefore 
be ufed for all numbers whatfoeTer, yet there may be feme 
Abbreviations or Compendium; deduced, which will be of 
good advantage iff the operations and thefe Abbrenabons, 

Firft, Inftead of framing the: powers aforefaitf in the 
term* of vfcjgar fractions, they may be produced in Deci- 
mals thus.* The Decimal of j ("the firft power in the pre* 
ceding Example") is ,333333333^80^ b&ttoprt>dacce<id 
powers of )3S3S3^9?> &c * = ? **T * ^continual Multiple 
nation of ,i u u u 1 J, &c. ijhe Decimal of $. the ad. power 
of f , would J* intolerable, | yet as f - or its Qecimal 9 here 
a continual mulqplicator* frefcn thence 1 k follows [andis ap- 
parent from the foregoing Trjtatifc of Pednoal Arithmetic]?, 
10 pftt 86, 8/7* and 8fc where is town how fry agiven 
divifor to find a muUiplrcatof and the contrary) that a~ divi? 
for may thereby Jat had. which wiU efeft thefante, at'the 
Gootinna^mu ttipli ca tor «forefei<H w> -As | : t •? .• x £ 
or 9 the divi(ifr required, ,3riiahataV'£ is hef4*a -continual 
omltiplicator.. So mayp be a 'continual divifor; Therefore 
divide ,33*3*3*** ty? coowwaHn ti^ u ' Wii** * . 
divided by. ciquoqes ,,03,7 05903 ^and thatqubtktat again 
by 9 quotes ,004115226 and foon, fetripg the quotients 
jw^vath/eufe oibtTu wtydvqtlfttieittS are the odd pollers 
of [in Decimals, andconfe.^*fyafe,{iropowi0lrabe» 
/ore j which done divide thofe powers. by their refpc&ive 
Exponents, the fum of tr^jr qoocieats thus fofcndtotf 
make half the hyperbojick Logarichjas of 2. agreeing with 
fbe other method, ; And • • ,. 



» • * 



v • . • • * 



■t',.. .,/ TGhe 



i £8 SDfie Conttradion of fyc Sables 

. The Operations in Decimal* are accordingly as follows, for 
making the Hyperbolick Logarithm of 2 ,f = 3333, &c 



Tie fcvemlodd powers of 
,333333333 = jform'dby 
dividing by 9 continually, 



Expos 

• "5 

;* 7 

'9 
11 

.1* 



• 1 



rowen. . 

,037037037 

•£04115226, 

^>004$7247 : 

4000050805 
,00000564$ 
,000000627 
,000000069 



Thofe Powers being divid- 
ed by their correspond, expo, 
the quotes robe added for I 
the Hyp. Log. of 2 are 



,012345679 
^000^23045 
,000065381 
,000005643 
,000000513 
,000000048 
,000000005 



+*m 



* * • 



Halftbc Hyperb, Log. of 2 js ,346573589 

■ ■■_. 1 •■■■ ,_ ;*_ 



The Hyp. Logarithm of 2 k ,693 147178 as before. 

. Hence you may chufc whether you wiH pe|form the Ope- 
rations m terms of vulgar Fra&ofts, and reduce the Iaft quo- 
tients into Decimals, or efttt the whole Operations in Efeci- 
taaft. I have here for bettertlluftration, tinferted the Ope- 
rarrons.according to each method for making the Hyperb. 
Logarithm bf 2, but in the following Examples (hall perform 
the Operations in Decimals according to the latter method* 
And this explication I judge fufficient, in which I have been 
the more large to the end that thefe precepR may ferve in 
all the entiling Examples or for making the hyp. Log. of any 
number without further directions. 



*'---. Second Example. 

Let it be required. to make the Hyperbolick Logarithm 
of *• Firft, 



M Jlcgarit|m& igp 

' Kfft, 3 — i = 2, for the numerator or dividend and 
3 m 1 = 4, for the denominator or divifor therefore the' 
vulgar Fraction refultingis J = J the fquare of 4 is £ 
for a continual muhiplicator and byconfequence 4 is aeon* 
tkraal divifor, -J is (in Decimals)*! 50900*000.. 8cc* 

* * 

The Operations in Decimals are as follows. 



The, odd powers of ,5 br * 
produced by, a continual 
diriiion by 4. 



Espon. 
1 

7 
ir 

**. 
19 



# Powers. 

, 56000000, 8cc. 
,r2 500000 
,03125000 
300781250 
' 590195912 
,00048828 
,60012207 •* 
,00003052 
,00000763 
,00000191 



Thequot.(bf the fcveral pow. 

■ °f » 5 bgng divided by their 

cprreljfonding Expon.; to 

be added to make -J of the 

Hyperfc Log. of 3. 

,50000000. 

,04166667 

,00625000 *' 

,00111607 

,00021701 

,00004439 

500000939 

,00000203 "* ' 

^00000045 

,00000010 



Half theHypcrb. Log. of 3 ,54930611 • 
T^eHyperb. Log. of 31s 1,09861222 

Another Abbreviation or Compendium in making the hy- 
perbolical Logarithms may be this. 

That although the hyperb. log. of any number may be 
made by the Addition and Subtraction of 1 to and from the 
number propofed, fee. ( according to the preceding General 
Rule,). . Yet when tjje given number is fuch, as that. the 
vulgar Fraction refulnng (by adding and Subftra&ing 1 Sec) 
hath not r 1 for its Numerator. Then the Log. of fuch a 
numbcris more readily made by the Logarithms of its two 
Compofers or Faftors whofc Faft or Product is equal to the 
given number; And one of the Factors ought to be fuch a 

num- 
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number ^faofc Log* is already known. The- other fochi 
number, as that by theAddit^andSubftra&ionof i, there 
may refill ^ a ?ulgaf Frafiion having i for ks numerator, fo 
may the fcvcral powers thereof be mprecafityforrfled, and 
cohfequently all the operations more expedired and ficilkt* 
ted, then when the Numerator k any number greater 
then i ; « , * 

Thus if You deuire to make the hyp. tog. of $ by two 
numbers whofe Fad is ^ x the two numbers moty convenient 
Will ^e 2 and i ^ for the logarithm 0T2 is knoivn, and 1 
aided to,' and iubfVafted,froip 1 |, leaves fchercfult off 
the fquare whereof is. 7 f fo| a continual Multiplicator 
\vhtreby to form tlje odd powers thereof, and eonfequcntly 
25 is a continual divifqr to effedf the feme, or .rattier as ,04 
is the equivalent Decimal of - 2 -f , ,04 may therefore be made 
a continual piulriplicaror for *ti$ all one, whether yo| divide 
by 2$, of itiuftiply by T -f,or by ,04, continually for the pro- 

duftamofthe odd. powers of f .or ,2 its equivalent Decimal. 

• 1 • • 

■ » * 

the Operations (to make the hyp. Log. of 1 \) art in 
Decifnalsas follows 5 , ; j 



The odd powers of ,2 =z f 
producedby continual di- 
viding by a$, or (which is 
the fame} by continual 
multiplying by .,04. 



Expon. 
1 

7 

9 
11 



Powers. 

,2O00O0O00,fec 
,008000006 
,000^20000 
,000012800 
',000000512 
,C0000C02I 



The fcyeralqaotesfofthe Po- 
wersoft divided by their 
proper Expon.) to be z&* 
ded to make -^tbe hyper. 
Log. of 1 -I arc . 



,200000000, &C, 

• ^266666 j 
,0000^4000 
,000001828 

• ,oooo<ioo j7 
j ,000000002 



** 



Half the hyp. Log. of 1 > is r= ,20^7 $2 $$4 



■ «MM»«Mk 



Tfie 



• . J©flL0gRtit||ll», Wj 

The hyp. Log. of i ~ is z= ,405455108. 
The byp. Log, of 2 added = ,593147178 



«« 



The (am is the hyp. Log. of 3 =; i>op8£i 2286 nearly agre- 
inyg with the hyp. Log. of 3 before found, and thofe two 
ways may ferve to virile or prove each other. 

Note* Thatbecaufe 2 x #1 = 3, therefore the Log, 
of 2 added to the Log. oPi 4 makes the Log, of 3. . 

By the Log. of 3 may the Logarithms of all the powers of* 
3, vkf 9, 27, 81, &c. be eafily obtained. Ukewifc hav- 
ing the hyp.' Lour* of 2 and -3 the hyp. Log. of £ (their 
Faft) is readily had D forbecauie 2' x 3 = 6> Therefore . 

• To the hyp. Log. of 3 = 1,09^5 12285 
Add the hyp.Log. of a — 9593147178 



**• 



^Sum is the hvjf. Log. of 5 = 197917.59454 

! ThcTTrird Example. Tomtkg the Jfyper. Leg* xf 5 « 

To make the hyp. Log. of 5. the bed and rabfl facile 
Way is tocrtafe two numbers (according to tjie preceding, 
directions J whofe Faft is 5, and thofe. numbers may be 
either 3 and 1 f , or 4 and 1 ;. 

Firft,by the hyperbolick Logarithms of 3 and if To 
make the hyperbolick Logarithm of 5, ' The hyperbolick* 
Logarithm of 3 is already known. Therefore the hyp. Log. 
of 1 I is required to be made. 



♦ . 



1 1 1*. 1 zz |. for the numerator or dividend, and 

1 1 x 1 — '2 f- or f for the denominator or divifor,and 

f divided by f (rejeding'the Denominators in each) is -J 
or »£. The fquare of \ is T -}, the continual multiplicaror and 
therefore 1 5 is a continual divifor, whereby to produce the 
odd powers J or ,25 trie decimal equivalent to J. 

/ The 
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The Operations are 



The oddpowefc of ,2$ = J 
produced by dividing con- • 
unually by 16. , 




Power's* 

,2^0000000,&C 

yl> 1562 5000 

300097^5^3 

,©00061035 ; 

,00000381$ 

,000000238 

,000000015 



t 



Thole fevetel powers being 
divided by their proptf 
Expoflfrefpeaively. TV 
qu©ccs to be added are 

,250600006 
. ,005208333* 
,0001953*3 
,0000087-19 
,000000424 . 
,0600000 fc 2 
,06000000 t J 



Halfthehyperb.Log.ofxf is ^=,25*54*2812 



»«»^""^"^w"" *i 



The hyperb.Log*4>f 1 $"* = '*i*fyi0W 
Thchyp&b. Log. of 3 added == 1,0^612226 

__ . . ^_ aMMi 



The Sum is the hyp. Log. *f 5 = *,6*094^io 
T0whichaddththyp.L0g.0f2 = ,693147187 



The Sum is the hyp.Log.of 10 =£: 2,30* 58 5057 

' • - -* •■•'• . • ; • 

• Here the Log. of % is added to the Log! of 1 1 to make tfc 
Log. of 5,bec*ufe 3. w ifq= 5. Alfo becaufe 5 x 2—10, 
therefore the Log. of 2 added to the Log. of 5 gives roe 

Log. of 10; ♦ • • * 

By the Log;of ^ may.t^ Logacithi^s of the powers ot 5 

be readily nfade as of 2 5, 1 2 5, 62 $, 8tc 



• - 



Secondly, To make the hyp. Log. of 5, by taFaapiM 
and 1 ;-, thehvp. Log. of 4 is already known f being twice 
the Log 0/2 for that 2 * 2 == 4) fo that it is6nfy litre 
reqirred to make the hyp: Log. of 1 J. , 



t; 



i=^i 



SX ILfigmtym*. 



? 



. <j*, 



19 



4* 

3V ^ 



/ » 



S 



•• * 



j ; : --. i =' * for 9 Numerator or 4'piden4, aod 



J-. 4 . 



.1 



*1 

r ^ ft « ?« I 



. i } + 1 = 2 ' 4 or J for the denominators dWifor, So 
that the vulgar fraction, hence refultfligr&f whofe fquare 
is -j-f for a continual MultipIicator y and therefore 8xisjn 
continual Divifor, whereby to raifcthc odd powers of £ cfr 
*iiiiiiiu, fec r the decimal correfpondiog thereto. . 



The tycratiofis ate 



.V T.f 



Th* odd pow. of ,i 1 1 1 1 1 1 1 1 [ The quttft to be added to 
&c. = i produced by di- make ± hypJogof i J,befog 
vidiog continually by- 8i 9 ] the odd powers of £ divid- 
or (which is all oaejby di- J ed by m£ir corresponding 



?iding twice 6y 9. 



Expori 
1 

3 
5 

7 



Powers. ' ... 

,fIUIIIII,8cC 

,001371742. - t 

<»QOOOl£p 3 $..".: 

,000000209 



.^ooopcpqgo 

9 » ,000000003- t J ! % i '' ;f ^ :r^T— 

Half the hyperb. Log. 6f 1 J is :=: , 1 1 1 $7 1 77 $ 



Exp. refpe&rclyj 



,>IIIIIIU,&!C. 

,Q0b4$734* - 
,,000003387 



»■ X P i I 



The by perb. Log. of I Jis — ,223*1 43*5 jo 



' 1 



hyp. Log. of 2 beforefound is —-,(593147178 



«#<MMImi>AM 



The hyperb. LogaritK of 4 is = 1,386294356 
Towrnchaddrahyp.L6g.ofri.rfi 9223143 $30 



1 



The Sum is the hyp. Log. of 5 =c . 1 ,6094.37906* 

* • t ■ 

Note that if the work had teen continued to more" places 
thofe two ways of calculating the hyperb. log. of 5 would 
have more nearly agreed , and may ferve to venfie each 
other** - 

' ' O Sere 
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Hcr2 Noteulfq, That although the readied method to 

make me hy^era f&g. of ^ be fas iaibrefaid) by chofiog two 

numbers whofe fact is $, which may be either 3 and 1 f 

ufr 44idfl i^ifasm the twaprccodhtg operations^ an< * *M- 

inpfhett idgarkfcimrtogctheiv - Yet the hyp. log-trf $ may 

iwitB fantontoc difficulty ) be Made by adding and fu£ 
iracHoff^to^at^ifroHi ^tbe given munber it fclf, according 
to theCrfLgepcnal'Rqle, bat in regard the operations are 
too large for this narrow page, and becaufe the hyperbolick 
logarithm of $ is already done two wayes. I (half omit the 
making therebf by the number it felt and leave that to the 
fyaftfoofctfi^ iogemous that (hall ttynk fit to perform k 

f 4»V«F«-t v'!/-;^ i '■>.'"*'. , ■«• " ■ ■ ' - ' ' • «' 

" ■< l « . J - • vJ 'J ' ' 'J I - ■» • . • ' I \J ' 

;, .iriTAeFwrtb Examples 

\ 

TomdketheHyferbvlkk^Logarithmaf j. 

The HypafSofioTr logarithm of 7 may with muoh facility 
anddifpatchbe'iqade by its ftftorsy to wit, eitherby $and 
1 f or 6 stmt 1 £. ' In making the hyperbolfck logarithm 
6f*7 by the two ifiirft numbers, 'the hyperbolick logarithm of, 
5 being already knbWp, there is only the hyperbolick jog. of 
1 \ required" tote made in order to obtain the hypcrb, 

Io0.of«7- ' ' . ? T •'•■ ' r l * ' " 



t '- " 



1 {■— -isa^y the numerator or dividend^ Alfo 

1 f 4. 1 =« ^ for ^ the denominator or dkvifor, there- 
fore the fraction refuking hereof is T f or \ the fquare of J 
which is T jv foracoatroual Mbltipbcajtoror $<$ foracomi*" 
nual divifor, whereby to produce tto odd powers of \ or 
^16666666 y &a its conreipondapg decimal? 



»- ♦ 



Thi 



M liesarttfwtf . 



*9i 



_ ■ * 

Thb (Operations are; 

«... » • • »•<■.' 

The bddpbw. of \l666f666j f tjiofe powers being divided 

= 4 produced by continu- J by their refpcdiix Expon. 



il dtvifion by 36. 



Expon. 

I 

3 
5 

7 
9 



Powers, 

,i466666666Scc 

,0046296296 

,0001286008 

,0000035723 ^ 

,0000000992 

,0000000038 



the quotes to be added(Tor 
half the hyp.Iog.of I f) ar $ 

,166666661 
- ,001543210 • 
,000025720 . 
,000000510 
,000000011 



^ «r < r 



|the hyp. log. of 1 "^ is 



,168236118 



-9 



\ , Thehyp.Idg.0F1f is « ,3361472235 
Unto which a<Jd thehypJog.of 5= 1,609437910 



Thefumisthehyp.Iog.of7=^ 1,945910146 



Wl f . - M 



Becaufe the fa& of 5 aqd 1 -f is 7, therefore is the hyp. 
log* of 5 added to the hyperb. log. of 1 $ to obtaiq tbp hyp, 
ioga,of7*. N . 

To make the hyp. log, of ; 7 by its two factors 6 arid 1 i 
the hyp. leg. of 6 is known, and the fraction reducing by 
adding and fubdu&ing 1 to and from 1 £ is ^ wnofc fau« 
- x i^ for a continual Mujtiplieator? and 169 is therefore the 
continual divifor for the production of the .odd. power* qjf 



,-j 



01 



» • I 



?%» 



* 

t * 



•J\ :' • : 



'. %0 
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The Operation*- <re. 

i 

Odd pow. of ,07^9^30759, J The powers being divided 
frr- = — 1 nrnHuwH hv /li. by their proper, Expon. The 

quotesro be added tomakc { 



&c. =t| produced b^ di- 
viding continuaily by 169* 
or by dividing twice by 1 3. 



the hyp. log. of 1 £ are 



Expon. I Powers. 

1 ' J ,076923075980: f 
3 I ,0004551562 



3075923077 
,0001.51722 
0660 wO 539 
000000002 



< r v , 00000269 3 3 i- > 
7 ^0000000159 I *, 

,9 .. ,OOOOO0O0O I . J- — ; — — — -~ 

Half the hyperb. log. of 1 i is *= 3077075340 



*f he hyp. log. of 1 i'is. = ,j 541 50680 
The hyp.log.of 6 being adde4 = 1,7917 594^4 



The Sum is the hyp. log. of 7 *~ 1,9459^144 nearly agree- 
ing with the hyp. log. of 7 before found by the favors 5 and 

1 r 

By the log. of 7 the log. of 49, £43, 2401, &c. the po- 
wers of 7 is cafiiy made by multiplication only. Having 
made the hyp. log. for the numbers 2, 5, and 7 by two me- 
thods for t his end that one many fervc to verifie or prove 
the other, it may1>e convenient to give a hint how to make 
the hyp. log. of 2 b y two fa&ors to prove the foregoing ope- 
ration of making the hyp. log. of 2 by the number it felt. 

Thusthehyp.log.ofa may be eafily and readily made by 
the numbers 1 \ and 1 f ^whofe-ftft h 2. And in order 
hereunto the hyp. log. of 14 has been already made there-' 
fore hyp. log. 1 1 is required which by operation will be 
found to be ,287682072 * 

To which add the hyp. log. of 1 * «= ,40546 5 to8 

i 

The fum is the hyperb. log. of 2 = ^693147 180 
nearly agreeing with the hyp.log. of 2 be$re found. 

.Thefc 
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Thcfe Preempts and Examples I judge fufficjem, for 
. making thofe numbers called hyperbolick logarithms. The 
like method being to be obfcrved for the hyperbolick Loga- 
rithms of all incompofitc Numbers, i. >. Such Numbers at 
are not commenfiirable by any whole number between an 
unit atxj the number k felf, that is u, 13, 17, io, 25, 
29, &c. 

Thus the hyperbolick Logarithm of 1 1 max eafily be made 
by its two Factors 10 and 1 T J, the Logarithm of 10 being ' 
known, and in order to make the hyperbolick Logarithm of 
1 T J the fraction retaking will be v j . 

Or the hyperbolick Logarithm of 1 1 may be readily made 
by die two Factors 9 and 1 £, their fact being 1 1 and the 
v fraction refulting from 1 i is 7 J.- 

Alfo the hyperbolick Logarithm of 13 may be made 
cither by its two Factors 12 and t a (the fraction rcfulting 
from 1 7 \ is r -*) or by its two factors 1 1 and 1 -£ the fra- 
, &ion retaking from 1 T | is T j. The like Compendious me- 
thod may be performed for the other incompofitc numbers, 
by two factors, which IJeaveto thcTcarchofthe ingenious 
Practitioner lie rein. 

€ By the Hyperbolick Logarithms of thofe numbers already 
made. The Tabular Logarithms of all numbers under 1 o is , 
cafily obtained, and Cpomi hence like wife is readily had the' 
Tabular Logarithms of alt cempofite numbers, arifing from < 
the multiphcatibn-of any two or more of tho'e numbers to- 
gether, whole Logarithms \\ known as follows. 
- Forasmuch as all Logarithms performs the fame conc'u* 
fions, therefore they are proportional ,that js, As the hyper- 
bolick Logarithm of any number : Is to the Tabular ( or 
Briigs) Logarithm of that* number : : So is the hyperbo- 
lick Logarithm ofanybt^cr number : To the -Tabular loga* 
rithm of the fame number. But the Tabular logarithm of 1 o 
is always 1 ,0006000, feci fas harh been alreadyfliown} and t 
the hyperbolick Logarithm of 10 is (a? before fotfnd}' 
2%3o?$8$o88. Therefore the proportion may (univerfally 
and moft conveniently) run thus.- As the hyperbolick lo- 
garithm of 10 ; is to the Tabular Logarithm of ic ; : So 

: O z is' 

J 
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is the hyperboiick Logarithm of 2, 3, 4, 5, or any othef 
number : To the Tabular Logarithm of the fame number. 
. - And herein as much as the mo firft terms may be general, 
Ahey may therefore 1* accepted of asa fixt ratio between the 
bypetbolfck and the tabular Logarithms, and from hence it 
4oUows (according to the method delivered in page 89 and 
90, in the preceding Treatife of Decimal Arithmetic!*, for 
finding a fee Multipfieator or Divifor in all fiich Cafes 
where there is a. determined ratio ; that the fixt Divifor 
ttiaybe *4iK-SvJvK or rather 2^02535, &c. And the fixt.. 
mttltiplicatormaybe^^f^J or rather ,0434294485, 
fie found by dividing 1,000000000,- &c. (the Tabular Lo* 
garithra of. ro) by 2,30258 $088 (the hypcrbolick logarithm 
of ib) as follows. l 

' Mo2$8$o8$) ijooobodoboo .(,'6434294483, fcc« 



-i n , J.i 1 1 . . , X .* 

6780^8080 
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1 iienceitis.thati? the feyperbofck logarithm of ahynnm* 
htt be : either divided by 2,302^8$, 0r multiplied by, 
^0434294 $, the Quotient of pfoduft k the tabular logarithm 
Of that number*. Thtis the hyperbolick logarithm Qf 2 is 
**}>^49*8 »*c tabular Logarithm by divifion is, 30105000, 

before 



cforc which prefixing o for us proper Tn3ex or charac&F 
(tick and the? it is 0,30103000, the logarithm of 3 accord- 
ing to Jfrfcf's tables.- ':i. ■■ -.' :l i\c:r.^ ,.' : '■■ \U 
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' 2,302585) 3693147180 (,3010300073 Sec. 
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17450000, tea 
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By Multiplication the tabular Logarithm of 3 is the fame 
(prope vtrttm) as by Divifion, as follows. 

TBcT^pprbolick Logarithm of 2 is ==., 3^23147180 ; 
* <] The fixt Multiplicatof is =i ^0*434294$ ; 
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. N '6238324620 

, " - ,-•".:' 1386*943^ , 
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The Tabular Logarithm 6ffe is 0,90103000,79645100 •"•1 j 

F«r the Logarithms bf the powers rt-kiiTft'^ flfeTja, 
64, &c. Multiply the Logarithms 1 of the root 2, by the Ex-' 
poncnts of the powers^s 2, 3, 4, 5. &c. the feveral pro- 
ducts are the' Logarithms \>^tlie »yJowers of _ 2, refpeftiveiy. 
Thus 0^010300 the tab. log. of 2 multiplyed by 2 gives 
o,6o2o6do*hctab. I6gi«f 4^ -Add by .3 gives 0,203900, the 
tab. log. of 8, and by~4 gives 1,2041200 the tab, log. of 1 6, 
and fotrafOF the reft^ofthc power* of 2, ad infinitum. 

The like is to be performed by the logarithms of jiny other 
flumbf rvto fed the logarithm* 'o^duunoiqAd trfrfhe fafce 
number-, ' : • .:. . » • \ 1*31*4-: (>q <?L'm^d ,-•■ '•./;: $$ 
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By the hyperbolic* Logirithm of g» To ind the Tatbufar 
prichmotg. ^ r_T 

e hyper ULpg.of a f before found) is =* ^098$ 1328c? 
*'■■- The fixe Muluplicttor is = 04242945 



<4920$i43o 

'■ , - 4*94449144 

- , .; . 9«87Slo S7 4 

. 21972*4572 

. -r f :. -..;••■■ 4394449*44 

3*91*3**$$ . 

4294449144 

rhe Tabular Log. of ; 2, is 4= 9,4771*12,724412276 

*' " —«■. .. 

]ThaTabular n Log.of 9 js = 0,954242$ 

of 81 is = 1,9084850 , 

iy the logarithm* of 2 and 3 the Logarithms of all their 
npofites* a* *» i?/i*> 24, 2$, fee? is readily obtained 
addition alone.: For the Logarithm of 2 added to the 
i of 5 gives the Log,, of 6. The Logarithms of 6 and 2* 
Ipgar. of 12, theiog. ofd and 3,;theiog.<>f 1$, fcc, - 

fa*, TfreT»h»lar log. of $ is 5 0,4771*127 # 

. - Of 2 iS == O,50l0J0ob 



of (S is «? 01,77815127 
pf 12 is e 1,07918127 
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of 18 fa == i a 25527254,fec, * 

icreafOT of prodiiaog the Logarithms of the powers of 
imnber, by multiplying die tog. of the toot by the Ex* 
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ponents of the power, V» likewifc of producing of the loga- 
rithms of compofiie numbers by Addition of die logarithms 
of their compofcrs or faftorsjsclear from t)iet4 8ei 5 df Geo- 
metrical progreffion foregoing, as alfo from the nature of 
Lpgarjthms£fcpLiincd in the 177 and 178 pages preceding-, 

The like operation is to be performed to obtain the Tabu- 
lar Logarithms of 5, 7, or any 'other number by their hy- 
perbolick Logarithm's alfo the Tabular Logarithms of their 
JxwVcrs, or of their Compofires, as hath been already per- 
formed, for the Tabular Logarithms of 2 and 3, their powers 
af nd compofites; lb that thus much may be deemed fumcient 
for explaining to any reafonable capacity* the manner, a£d 
procefs how fir ft to calculate the hyperbolick Logarithms, 
and how from the hyperbolick Logarithms of a few numbers, 
to make the Tabular logarithms of many, with much facility 
add difpacch , andthattowtatexaftnefsornumberofplaces 
you pleafe, Ind confequcntly to calculate a whole Table 
of logarithms anew, or to examine one already made. ' 

The next Subje& that falls under our Coofideration as 
being both proper and ve^y pertinent hereunto, is that rf the 
Logarithmical or Artificial Sines, Tangents and Secants. 
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' be GonfhruBhn of the Tables of 
Artificial Sines > Tangents and 
Secants* 



rH E Artificial Sines, Tangents and Secants are no 
other thcn^he Logarithms of the natural Sines, Tau- 
nts and Secants rcfpcdlvcly, being calculated to the Ha- 
ul Radius of loooooopooo, that fo they might be cbe 
ire e£ac]t. Not with/landing many natural Tables are 
#pted p a IjCflfcr Radius for more eafe in Ca Iculation there- 
Si - ( Ao4rfrpip hence it, i$ that the Artificial Radius (L C 
e logarithms of the natural Radius j hath always 10 for the 
pMderiftkfc, or index thereof, and fo the indices of ali 
e Arptldal Sines, Tangents and Secants depends .on the- 
imber of places, chat thq Natural Sines, Tangents and Sc- 
ats confifts of, and is either greater or left then 10, accord - 
g as the natural number belonging thereto is either greater 
'.lefler.then the natural Radius of the fame Table : And 
>m the premifes it is clear, that if there were extant a Table 
' logarithms for all numbers from i to loooooooooo ; I 
en might tjic Tables of Artificial Sines, Tangents and Sc- 
ots be from thence readily Conftru&ed by Tranfcri prion 
ily. Howbeit though no fuch Table be to b^had or expecV 
!, yet by a Table of Logarithms for all abfoiute numbers 
jm i to 1,0000, as in Dr. Nrwtons Trigonomnria-Britdnnicay 
td divers others. The Artificial Sines may (without dif- 
:ujty^) be attained to fufficient accuracy by the part propor- 
»nal a£ follows. And from the Artificial Sines, the Arpfici* 
Tangents and Secants is eafily made, asfliall be hereafter 
own in its due place. 
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Mavwgthetyfytural^eofany^rch. To 
find the. Artificial or Logarithmied -Jime 

thereof, by a Table cf Logarithms fftte? l -' T 

t . '*r*Ake the fifft five figure* <k the Natural* Sine tf tfiie 
X Arc ^ propofed, to which annex as many cyphers 
a$ there are figures remaining, alfo take, another, number 
. exceeding the former by an unit with the like" ^timber of 
j, cy phersannexed to it v,/ - 

I 2. Look for the logarithms of the numbers aforefatd pre- 
fixing their propenpdiccs. .-* V "V- .' ? 

3. Gee the difference of thote two (lumbers, as alfo the 
difference of thejr Jogarfthms, : and lifcewlfc tlje excekof^he 

. Natural Sine above the leffer abfblute number, wfifchTsal- 
ways the remaining figures of the Natural Sine of the Arch 
propofed. 

4. Then fay, As the difference of the absolute numbers : 
Is to the difference of their logarithms : : So is the excels of 
the Natural Sine above the Iefler gbfolute number ; To the 
excefs of the logarithmical fine ^required above the,' : lcfler 

(logarithm. This fourth nufhber or proportional part 
found, added to thcleflet logarithm^ gives the logaripbmyof 
the Neural fine of the Arch propofed, or Artificial {(ne 
required^ , v 
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Firfi Examfle. 
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The Natural Sine of 50 d, is '§000660000, Jfcc#' T^find 
the logarithrftfcal or. Artificial fine thereof. N + ?; ' ' : ' A ' 

Hm Note, Xhatin regard the. Natural fineof t#e! Atch 
propofed is 9 -with cyphers annexed.Therefore 0,6989,7000 
the logarithm of $, with (g 7 ) the proper index prefixed is 
the logarithm of $000000000, or Cwhirivis the fame) the 
Artificial or logarithmical fine of 30 d. vi*. 9,69897000.' 

, - ' Se- 
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Stcwtd JExMmfk. 

The Natural Sine of 54 deg. i$min. being 8 11.57,39820. 

To find the Artificial fine thereof. 

- ■ *=* 

The firft 5 figures of the Natural Sine, with ^cyphers an- 
nexed is . 81157,00000 Jog. 9,90932598 
The numb.£reater by 1 is 81 %^% % ooooq log. 9,90932,1 34 



i 



Diff. of the 2 ajifol numbers 100000 dif.Jog* 53$ 

The excels of theNat.finc above the leflef abfol.numb.39829 

The Frof onion U^ 

As fooooo v * 535 : : 39820 : 212 

• •'• -■ . . • $j6 

' * 119460 

199100 



The proportional part is 213,43520 

Unto * 9,^0932598 the leflcr logarithm 

Adit 213 theproport. part found. 

Thefumis 1 9,909^2811 the Atrific. fine of 54 d. 1 5 m, 

Heicobferre thtt the 'firft number in the proportion is 
ajways i with cyphers annexed : Therefore the operation 
for the proportional paw is performed by multiplication only. 

Alio if the Tables of logarithms, for abfolutc numbers con- 
fiftsof 14 or 15 peaces s the like method is to be obfcr?ed. - 
for finding the part proportional. ' 

* : 7bif3 
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Third Example. * V 

% __ 

to find the Artificial fine of 60 deg. the natural fine there* 
of being 8660254038. 

1 • 

Tliefirft $ figures of the N*turalfine with $ cyphers annexed 

thereto 866*02,00000 loga.. 9,93752792 

The numb, great, by 1 is 86603,00000 Joga. 9,93753294 

Diftof the two abfol.numb. is 1 00000 dif. loga: 502 
The excefs of nat. fine above the Icfe abfol. numb, is $4028 

The Proportion at, 

^ * 

As 1 00000 : $02 : : * $4038 : 271 : 

502 



108075 
2701900 



Untonhe'proporr. part is 271,27076 
Adtfthe lcflcrlog.9,937 52792 



m 



The fum is 9,937 53063 the Artificial JJne of 60 d. or 

logarithm of . 86602 54038 (the nat. fine of 60 d.) 

ffavfngt according to this. method or by any other that 
may be judged more facile or expeditious calculated the 
Artificial finer, for the firft two third parts of the quadrant, 
.the o$her third part may readily' and with cafe be lupplyed 
with Artificial fines by this proportion, w\«. As the fine of 
411 Arch : Is to the fine of 30 d. : ; So is the fine of double 
the faid Arch : to the cofmepi the firft Arch. 

Thus having the Artifid*}) fines for the firft 60 d. To 
find the tcft frort 60 to £i 3 62, 63 d. See. 1090 dcg. it 
runs thus._ • ' . • 

As 



io6 SC|e Confonttuw tit tyt &aile* 

As fine of 29 dcg. CoArithm. 0,3144287* 

-r : ^ 9,6989700© 

" ^2842048 



To fine of ^o deg. 
So is fmc of 58 dcg.' 

T6 fine of tfideg. \ 



Again As fine 28 dcg. Co-Arithro. 
» To Sine 3$ deg. 
So fs fine 56 dcg, 

Tbfine$2dcg. 



' 9^4181925' 

0,3283907 r 
9^9897000 
9,9 1? 5^42 1 



The like operation is to be performed for the reft. Or 

if you begin at 90 dcg. Tp. find the remaining third part 

of die fines, and proceed to 89 d. $3 min. 89 d. 88 d. &c 

to 60 the proportion runs thus. 

As the fine of id. Co- Arith, I>7$8i44d9 

To the Sine of 30 <Jeg. 9,69897000 

So is the fine of 2 dcg. 8,54281916 
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To the fine of 89 deg. 

Again A s the fine of 2 dfcg. Co-Arithm. 
To the fine of 30 deg. 
So is tbe fine of 4 deg. 



X9>9999%1*$ 

t 

1,4^718084 

93^9857000 
S>849: 
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To the fine of 88 deg. ^9, 9997^535 

And fo on for the reft, as atfo for the deg: and minutes. 

Or having calculated the laft 6v d. of the quadrant, 
the fir ft go deg. may be readily obtained by the following 
proportion, being only the convcrfe of the former, vi%. 

AstheGo-fine of an Arch propofed ; Is to the fine of 
double that Arch 7 : So is the fine of go deg. To the fine of 
the propofed Arch : And by this proportion you muff pro* 
cced ("in finding the firft 30 deg.) from 30 cose, 28, 27, 
to 1 -'eg. 1 min. Thus 

'" "' - As 



sua jgxnaxm pmah jmoibwiw* *«-• . ?y/. 

' Asihcfincofdia. ' sSpArith. 0,05818075 
To the fined 58 d. &9J842048 

So is the fine of 30 d. 9^0857000 



To the fine of 29 d. 

am, A* the fine of 62 d. Co-Arith. 
To the fine of 56 d. 
So is fine the of 30 d. 



0,05406508 . 
9,69897000 



Having the Artificial or Logarithmcal jttte of 
I * d»y ifrrA- To find the Artificial or Loga- 
: ritbaical Tdngent of that Arch. 

' '"T" T H£ proportion is the fame as is page the io"o where 

_| the nat. Tangent is found by- the Nat. fine, w^ 

As the Co-fine of any Arch : Is to the fine thereof ; : So 

is Radius : To the Tangent of thai Arch : Therefore uni- 

'< verfally. The Artificia i Co-fine fubflra&ed from the fam of 

Radius and the Artificial fincleavesthe Artificial Tangent of 

that Arch. 

Example. To find the Artificial Tangent of 30 d. 

As the Co-fine of 30 d. 9,93753o6"3 

To the fine of 30 d. 
So is Radius 

Tothe Tangent of 30 d. 
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Thus having made the Asocial Tangents for one U 
die quadrant, the Artificial Tangents for the other hal 
cafily thcrtby produced by .this proportion. As the 1 
gem : Is to Radius : : So is Radius tmheCo-4*»geQ?.Tl| 
is the Artificial Tangent fubftraftcd from twice ftai 
leaves the Artificial Co-tangent. ^ 

And hence it is that the Artificial Tangents and Co-a| 
are always die Arithmetical Complements of each other 
twice Radius. 

Example. For the Tangent of 60 d. the Co- tangent of 30 1 

* •> » 

As the Tangent of god 9,76145931 

.To Radios . . io>oooooooc 

So is Radius 1 0,0000000c 
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To the Tangent of 60 d. \ 10,2385^ 

Alfoby the Artificial fines the Artificial' Secants, nw^ 
made by this proportion following, which is the fame** 
pag. 1 6p. for finding the natural Secant by the tamnd ft 

* As the Co-fine of an Arch : Is to Radius ; : So isfo 
To the Secant of that Arch, s that is the Artificial Co-! 
fubftracjed from the doub. of the Artificial Radiusjeafcs 
Artificial Secant of .that Arcti, andconftquemly the 
and Co-Sine of an Arch are always the Component 
rnetical each to twice Radius. 

• Examp'e. ' To find the Secant of god* 
* As the Co-fine of 20 d. 9^3755°^ 

""» . X » 

To Radius' 10,00000000 

So is Radius • * iOjOOoccooo 



To the Secant of 3 o d. 1 0^0^245^37 / 
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As the 1 , 

To Ra4fc& 
So is Radius 
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• ; . .. JEW thcSce** of 6o#* *-- r :~* \ : r n i % 
: .. . . . '. ">!«f! fv. *.i: :s .r- • ^ 3 j 

As the Co-fine of 60 d. ^ ' ^r^8^cj6d 1 * 

To Radios . ■ -\-^C>oo60i>0(J't 

Sob Radios ..; ■* .'.•., .^; . • , r< .Wjoidooooob^ , 



■^ x * * ■ * * * * ' ^ ** *> * ' * '^ ^ * * 



Tothc Sccahtofo'ad. - •: ic^akojaoo 
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Ffora hence.ittfe.dear,. Thatifto theoompienicor Arith- 
metical of the Co* fine of any Arch you add Radios, the v 
fim *fi the. Secant tit th at Atch, and accordingly 4tf iffime { 
Xabtetf Artificial Sioes'and Tanecnts inrtead nf the AW- 
f ficial Secants, are placed kbetconipwDdm>: Atitb<n*tfod of j 
' the Sines and Co-fines to Radius, which are no orh£ then J 
, (tlie Ariifeial Recants without thwrchamAiWfflrckioTaodices, / 
I ^hereby th* Secants are eafily fapptyid as aforcMd. ' < 



• . ■»• ...... r i; Mill: 
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of 60 d.) fubtiraded ftc*a ro,ooodooob Aerftadhis leaves 
0,06246937 the complement Arithmetical thereof. There- 
fore, 



i Unto 0,06246937 the co-arith. of the Sine of 60 d. 

. Add Rad. 10,00000000 

r t . — —- 

I The fum is. 10,06246937 the Secant of 30 d> as before. 

Alfo unto 0,30103000 theco-Arith^jf the Sine of 3 o d. 
! Add Radius 10,00000000 






i * Jhefamis 10,30103000 the Secant of 60 d. as before 
'»■'■' found. 

Likewifeumo 2,6591581^ theCo-Arith. of theSineof, 
Add Radius 10,00000000 ' . .. • (30 m. , 

The fum is. 12*05915815 the Secant of 89 d. 30m. 

P Note* 
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Note, That the complement Arithmetical of any Loga- 
rithm is moil readily had* j^tfbbftiWmfc every figure from 
9 (beginning at die left hand) and the laft towards the 
rigftt mQdlfpm 10.) A cc ;.« > ;»• . ^ *> v 

Bar jf yon ace to take the Complement Arithmetical of 
an Arti6cttkSiae or Tangent greater then Rtdrcs. Take it 
from tww Radius, or (beginning at the le# hand ) fub- 
ftra& the-ficft figure from 19, and each of the reft 60019 
only the laft from 10 as befort, and thenltrtbis Cafe you 



are to dedtfft twice Radius, from the fum Rcfulring by the 
4pd*tkttr^'TO^fePB^^ -*' 

~r 3Hub dpch» (coofidcring! this MHteibneonrEptitriny; 6 
-wbatftetfts hiecdful; a*ibcifig?iyfi«^^ 
>of btttabc? Natural and ArofiaU Cannon. 

t , As to thrf IkWrt . Acftafckfcs a ii nor though* Wftedfal to 
add any. tone? (^.tD;>infiflu^ their vimus^fefe'iDfcvenri 
parts of the Mathematicks, for the Tables are very plentifbf, 
»d th^rf >ui^]k^y ; hancfied^ by ditcrj gwi Authors 
fuch*sha)riboebakcad^m^o««iL ' ; ••; t'.oi ( i*- 

* * * 



goo..;. «.. m .. ? '-' > 



7 ^j 



.:.••••! if .i..b <j£ !• man 9 2ffi CcQ^; 0->,->f <*i 
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TH £ mctlto* hitfeito^tidwn accoVchffi to Art and 
Proportion, publifhed and approved by fomc Authors 
of goed^&efo* isasfoHoSs:^'- ^^^ K >! ! 

| Firft, hayirtg made tryal of a piect of Ordihatice it any 
; degree of Mounture or Elevation. The Jfotizontal Ranges 
i are hSfoportkm to onc-k^CT/ As n ktt Tthc^iflisof die 










* ' To 2000.&* ^«*Rat^e • -' ir;1 ^oioiob*- / 

| So is Sine of twice 5 deg. that is Sine of 10 d. 9,2 396702 J 
I To 347 the Range at 5 d. Elevation 2,5407002 

r " . ' * / ' 

I. The like Proportion is to be repeated for the Rapge, at 
[ any other degree of fWevAionSA \\ ■/ 

f Or, H^vingthe R^dorn at aiyotl?er degree, a^fuppofc 
, at 20 deg. of Mounture, to be 12S6. add from that to 
I Calculate either the greateft Random, or the Randoms for 
i any other degree of Elevation. 



For 



&?r go Calculate Stable* of Kantwnw. 

For the greateft Random. 

iv> r. 3. u u ».k » •<,... i » , ( 



To the greateft Random 2000 3,301 ry ad 

: 1..'., «... <*N !?*** ■*#»***»• ■ • - *- 

" As Sine of 40 aeg. Co-Anj^ . ; .*«!$*0390. 
To 1286 5,1092410 



v ^ccprding to tbl^ mjctbod (zdmp&ngoi this Proportion) 
may « Ta^Ie ot Rjin^on)$ lc UkwUtcdJot any pejee of Or- 
dinance to atfy degree and rafout^ of Elevation by having 
only one Random at any Elevation : and according to this 
Proppxqon thofc TAJc* in Mi> 4*4&ftif P*»W* ftfe of the 
Gun were Calculated by Mr. Strtet, but herein Experience is 
rather to preferred and chjfiy regarded. 
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Advertifement. 

AT William Court's Brokfeller, at the 
^Mariner and Anchor on LitttefTowtr^ 
Hilt, London 5 are Taught thefe Mathe- 
matical Arts and Sciences following Viz 4 
Arithmetick , G$>metry , Trigonqmetry , 
Navigation, Surveying, Gauging, Gunhery, 
Pyalling, Aftronomy , Proje&ion pf the 
Sphere, Fortification, Archite&ure, Per- 
fpeftive, life of the Globes and other Ma- 
thematical Inftruments. 

There is alio Taught in our 0#n,and the 
Latin Tongue , Algebra , Conic-Seftions, 
Arithmetick of Infinites, and Converging 
Series, by Matmadnke Hodgefin. 

MAthematical and Sea-Books Paper, 
and Paper-Books, Sea Wagoners, 
Flats and Ch4rts,with Mathematical Inftru- 
ments, ' 

LIkewife a Treatife of Practical Gauging 
(hewing, A Compendious and Eafie 
way To attain that Ufeful^Art. The whole 
Grounded upon the Unerring Principles 
of Geometry , by Marmadukp Hodgcfen* 
Printed for and Sold by William Court at 
the Mariner and Anchor on LittkTmer-Hill. 



